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THE REPAIR OF SURFACE DEFECTS OF THE FOOT* 
Lr. Cou. James Barrett Brown, M.C., A.U.S. 
AND 
Capt. Braprorp Cannon, M.C., A.U.S. 


THE SKIN AND SUBCUTANEOUS TISSUES of the sole of the foot (and of the 
palm of the hand) constitute a specialized organ; similar structure does not 
occur elsewhere in the body, and it is a congenital structure—not a develop- 
mental one. Covering, transplanted in the sole from other areas of the body, 
-simply walking on the new tissue 


does not metaplase to become a normal sole- 
The opposite may be true, 


will not cause it to change into a normal sole. 
and there may be difficulty in maintaining a satisfactory condition of tissues 
Keratosis, warts and cracks, may require frequent 


transplanted to the sole. 
It might be said that only substitu- 


attention, and chronic ulcers may oecur. 
tions can be made for losses of the sole. 
By recognition of the importance of the intact sole of the foot, so that 
interruptions of its surface are kept to an absolute minimum in surgical pro- 
cedures, and so that adequate repairs are designed and carried out when 
necessary, much morbidity can be avoided. The importance of a normal sole 
of the foot is often overlooked just as the skin covering of the body is not 
thought of much, until it is diseased or has been lost. In the foot the com- 
parison might be the difference one experiences in not having and in having 
a tack in a shoe. 
ability begin, and they continue until there is complete permanent healing. 
The covering is also specialized around the heel and heel cord—over the 
dorsum it is not so much so, but the important subcutaneous tissue over the 
malleoli and the dorsum must have intact surface covering, to perform its 


Just as soon as the intact sole is opened, trouble and dis- 


function of resistance te trauma. 

The sensory nerve supply on the foot is of great importance too. When 
there are anesthetic areas, and especially if they are in scarred or repaired 
areas, there is constant danger of trauma and chronic ulceration. In dealing 
with large number of patients it seems apparent that intact sensation in the 
foot is close, in relative importance, to that of the cornea and the hand. Sen- 


sation will return, if the nerves are present in the area—even to free grafts 


* Presented by title before the American Surgical Association, May 3-4, 1944, 


Chicago, II. 
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Fic. 1.—Small insignificant-looking graft put on after resection of painful scar. 
Soldier had been returned to Z. I., and was ready to give up because of discomfort. 
Following relief of pain and healing with the thick split-graft he requested return to 
duty. One operation. 


Fic, 2.—Traumatic loss of forefoot with skin loss over rest of foot. Patient came in for 
amputation. Completely covered in one operation with thick split-skin grafts. Persistence of 
function after six years: patient pursues all normal activities, but has some annoying keratosis 


and requires care and protection. i 
From “Skin Grafting of Burns,” Brown & McDowell, J. B. Lippincott, 1944 
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and flaps, but if the nerve does not get into the area, permanent anesthesia 
will result. The regeneration of sensation is often such a slow process that 
it is impossible to keep the patient in bed the whole time—but the first display 
of carelessness with an anesthetic foot will result in ulceration and trouble. 

Even small lesions on the foot may produce complete and prolonged debil- 
ity, as any one can attest who has had a painful wart. And these small lesions 
in military services are capable of much waste of man power. It is recog- 
nized, that a small lesion on the foot, that would go unnoticed in civilian life, 
may cause complete loss of service in a soldier, because one of the most 
important functions is that the soldier be able to walk. Small lesions have 
been observed to have kept soldiers off duty over a year, and one, with ulcers 
over the shins, was off duty through a nine-year period. 

These small lesions may be undramatic, and seem little, in the over-all 
picture of war wounds. Their repair may seem insignificant, but may be 
most difficult to accomplish, and finally may mean a very great deal to the 
patient (Figs. 1, 5 and 6). 

The commonest causes of trouble are shell fragment and gunshot wounds, 
burns, traffic accidents, warts, decubitis, radiation, and cold injuries. 

Preoperative care is necessary for any type of operation, and includes rest, 
baths, soap and water, sulfonamides or penicillin, fine-mesh gauze next to 
open wounds, cotton mechanics waste, or latex-foam pressure dressings, and 
elastic bandaging of the foot and leg. Bacterial studies are made on chronic 
ulcers and every effort is made to get them as clean as possible. No repair 
or operations need be contemplated until all sloughs, dead tendons, fascia and 
bone are out of the wound, and there is a good tendency to healing and the 
development of a minute blood supply that will support the transplanted tissue. 
Physical therapy procedures are used in practically all patients. Inflamma- 
tion and edema of the foot or leg are contraindications and the same criteria 
are necessary for flaps and grafts. Flaps do not need less careful prepara- 
tion—in fact, they require the closest attention to detail because loss of one 
is more serious than loss of a free graft. Patients have been seen with lost 
flaps and with the donor site of the flap worse than the original lesion. 

Resection of Scars——Scars of widespread lesions of gunshot wounds may 
be exceedingly dense and deep, and leave small chance of arriving at a normal 
minute blood supply. This is still more true of radiation lesions, so that 


apparently radical procedures have to be carried out to give any chance of 


survival of the transplanted tissue. 

Several different methods of repair of these lesions are available and are 
fitted to individual patients. 

Burns and superficial losses are often amendable to free grafts here—as in 
other areas of the body (Fig. 4), but gunshot and shell fragment wounds, and 
other deeply scarring injuries, often require some type of flap repair. 

Grafts versus Flaps ——Flaps are not apt to do well where grafts will not, at 
least, take and survive. Flaps must attach throughout the whole extent of 
the wound, and although much of their blood supply may come from edges, 
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there must be firm healing throughout the full base of the lesion, or the flap 
will be detached, and troublesome sinus formation will persist and make the 
repair practically useless. A distant flap does not bring in any additional 
blood supply, but just helps the local, minute supply secondarily, after the 


Fic. 3.—Decubitis of both heels (also sacrum and elbow in 
same patient). Healed by “dressing” areas in thick split-grafts. 
One operation. 
scar has been excised for the reception of the flap. Local flaps, on the other 
hand, do bring in their own blood supply and can be relied upon actually to 
improve the local circulation. The necessary caution about the use of local 
flaps is that they may deprive another area of needed covering, and they may 
cause loss of important local sensory nerves (Figs. 7, 8, 9 and Io). 
Bearing points and “silent” areas are of extreme importance, and local 
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flaps should not be designed that uncover important weight bearing points 
or the heel cord, or malleoli, so that these areas, in turn, have to be covered 
with inadequate skin grafts. When more or less “silent” areas can be utilized 
for local flaps they find their best application, but it is important te remember 
that when a flap is used that its bed nearly always has to be repaired 
(Figs. 5,6 and 7). 

Methods.—(1) Excision of scars or lesions and resuture can be under- 
taken only occasionally, because there is little or no extra tissue in the foot. 
Care must be taken in deciding on this procedure—especially over the heel 


Fic. 4.—Painful deformity from old burn; complete restoration of function from one 
thick split-graft operation, persisting after nine years. 
From ‘‘Skin Grafting of Burns,’ Brown & McDowell, J. B. Lippincott, 1944 


cord and on the sole. This procedure can be employed when there has been 


a partial amputation and what amount to adequate flaps have been preserved. 
But as a general rule the sole of the foot is not subject to excision and closure 


and primary healing. Neither will it give satisfactory healing if large areas 
are lost and closure by granulation and scar epithelium is allowed to occur. 
Large losses nearly always need some type of replacement even if the replace- 
ment is a rather poor substitute. 

(2) Free skin grafts are used if a satisfactory thickness of subcutaneous 
tissue remains to give support and blood supply. Grafts, of course, will not 
grow on bare cortical bone, or bare tendon or fascia. When free grafts are 
used, good thick split-grafts usually suffice and they preferably should be 
taken from hairless areas. One important use of grafts is to get wounds 
healed quickly even if it is recognized that the graft will not be a final restora- 
tion. This has been designated ‘“‘dressing’’ wounds in thick split-grafts. Open 
wounds on the sole of the foot are subject to recurrent, and severe and dis- 
abling infections. If these lesions can be carried along, at least, in a healed 
condition, there is improvement in the minute circulation, and there also is 
given information as to whether a flap will grow in the area. It can be repeated, 
that flaps are not apt to do well where free grafts can not grow (Figs. I-10). 

421 





BROWN AND CANNON Annals of Surgery 


October, 1944 


(3) Direct local flaps either shifted laterally, or rotated, with immediate 
graft of the donor site, may give excellent repairs of small lesions, if one can 
meet the elements of caution in the procedure. These elements are not inter- 
rupting important sensation, and, of course, being sure of the adequacy of the 
local blood supply for healing, and of the blood supply of the flap itself. It is 
extremely important not to cut the pedicle of the flap for smoothness sake, 
but the opposite should be done, 1.¢., leave the pedicle prominent and clear out 
of position if necessary, and do a secondary smoothing out later (Figs. 5 and 6). 

(4) Delayed local flaps, shifted laterally or rotated. This is the safest 
form of flap to use locally and should be raised in at least two stages, making 
the lateral cuts, undermining and carefully closing the flap first, and, at a 
separate stage, cutting across the distal end of the flap and closing it. These 
flaps should not be used until there is complete healing, no inflammation and 
no swelling. The lesion itself is not excised until the flap is ready for use, 
and for this reason, the primary design of the flap is made large enough for 
the largest possible opening of the defect (Fig. 7) 

Cross Leg Flaps in General.—In all cross leg flaps sensory nerves and 
pressure points have to be avoided, and, in general, the lower leg is not very 
‘silent’ areas, and because the resultant 


satisfactory because of lack of tissue in ‘ 
defect of a flap from the lower leg may be difficult to repair satisfactorily. 
The circulation of the lower leg has vagaries that need to be carefully con- 
sidered. An unhealed donor site of a cross leg flap may give as much trouble 
as the original lesion. 

When a flap is used, the essential reason is to get extra thickness in the 
subcutaneous tissue, but it should be noted whether or not a lower leg has 
the desired type of tissue available. 

If a patient has a badly crippled foot or leg and the repair is going to be 
only a partial restoration, then there should be added caution and considera- 
tion before cutting into the one remaining good leg, which is going to have 
to do most of the work anyway. 

Cross sole of foot flaps are not advocated because of being difficult to 


carry out, of limited usefulness, and because of the possible partial crippling 


of the donor foot. 

Grafting the donor site of a flap can be done when it is put up if desired 
and this gives a cleaner wound to take care of. There will usually be some 
further grafting to do when the flap is detached, however, and the total repair 
of the donor site is sometimes left until the flap has been severed. It is 
usually necessary to perform a careful excision of granulation and scar from 
the donor site and cover the defect with a thick split-graft, especially if the 
lower leg has been used. 

Fixation of cross leg flaps can nearly always be accomplished with adhe- 
sive and padding and pillows, and with foam-latex or neoprene (synthetic 
rubber) over pressure points. Plaster encasements or supports are necessary 
at times, and may be prefabricated and then joined with more plaster at 
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operation. Adjustment of position within plaster is more difficult than with 
adhesive. 

Detaching flaps can usually be undertaken in 16-20 days. If the flap is a 
large one, partially detaching it in two or three stages can be done with more 
safety. If much of a flap has to be used to complete a defect, such as going 


Fic. 6.—Result of utilizing relatively silent area to repair weight- 
bearing area. The shell fragment wound over the ball has been excised, a 
direct flap from the center has been rotated into position, and the flap donor 
site healed with a thick split-graft. One operation. 


clear around both sides of a heel, it is sometinies advisable to undertake a 


secondary delay procedure on this part of the flap while the first part is still 


attached. 

(5) Direct cross leg flaps from the opposite thigh or calf can be used for 
many defects, large or small, if a suitable position can be decided on, and 
the patient is capable of accepting the distorted life for the necessary 16-24 
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days. The direct flap can not be used, if the base can not be swung out 
wide enough to insure blood supply or if the lesion can not be gotten close 
enough to the donor area so that a relatively short pedicle can be used 
(Figs. 9-10). 

(6) Delayed cross leg flaps, either flat or tubed, are the safest kind to use. 


\ 4. , 8-F 


Fic. 8.—A. Deep, solid scar around heel, chronic ulcer healed after being ‘“‘dressed” with a thick 
split-graft, as best preparation for the wound and area to receive flap. 

B. Tubed flap, repaired in single stage; and defect grafted rather than trying to pull it together, 
or leaving it open. 

C. Fixation of cross leg position. 

D. Flap off. 

E. and F. Completed flap, with wide restoration of 


(As in all plastic procedures when shifting tissue, the division of the work 
into stages is the surest way). It can be noted that cutting clear around 
three sides of a flap, undermining it, and then resuturing it in its bed is not 
delaying it as far as its blood supply is concerned. It should be outlined along 


426 





Volume 120 SURFACE DEFECTS OF FOOT 


Number 4 


two sides, undermined and closed, and at a later date, 10-20 days, have the 
distal end cut and resutured and then not used until there is complete healing 
and normal softness of the tissues (Fig. 8). 

(7) Same leg delayed flaps can be used occasionally, usually tubed rather 
than flat ones, but this entails complete change of direction to get to the foot, 
and little is gained except avoiding the cross leg position, and the possible 
crippling of the opposite leg. It is an important consideration when the 


opposite leg is missing. 


; ; Fic. 9.—A. Extensive loss of sole of foot. Q 
B. Split-graft applied as ‘“‘dressing’’ to supply quick healing; but obviously insufficient pad for patient 
to walk on 


(8) Distant “turn-over,” “jump,” or “caterpillar” flaps from the abdomen 
or flank are of rare necessity, require a long time in completion, and usually 


waste a large amount of flap. They are occasionally useful if the other leg 


is missing. 

(9) Distant wrist-borne flaps are utilized by some surgeons, picking up 
an abdominal or flank flap on the wrist and carrying it to the foot. This is of 
limited usefulness but may give an excellent repair if enough time can be 
spared, because there is a wide range of selectiveness of tissue in this method. 

Tubed flaps need one special mention of application, viz., a large, long 
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tube often had best be attached in a normal site close to the defect. Then 
when detached from the donor site, put in a second normal site close to the 
other end of the defect, so that a sort of a suitcase handle of good tissue is 
lying close to the defect—getting its blood supply from two good sources. 
Then when the flap is established locally, it can be opened and completely 
applied to the defect after the scar has been widely excised. It still gets its 
blood supply on both ends and these can be smoothed out when it is firmly 
established in its new bed. This is a rather long way around but is highly 


preferable to putting a tubed flap directly into a freshly dissected scar bed 


and then finding it unable to maintain a sufficient blood supply for the flap. 

A tube flap may be more easily applied than a direct or delayed flap flap, 
because the pedicle can be swung around into different positions more easily 
than a flat pedicle, and this is especially true if complete healing has occurred 
under the tubed flap and at its ends. So that if a difficult position is going to 
be necessary in attaching the flap, that will be made easier if the flap is tubed 
rather than flat, then this method can be followed. 

Pressure dressings postoperatively are important for grafts and flaps. 
Flaps are protected with firm adhesive (or plaster) fixation to prevent troubles 
with the pedicle, and then a cotton mechanics waste pressure dressing is put 
over the flap to provide firm pressure on the bed of the defect and to prevent 
stagnation of venous blood in the flap. This dressing is arranged so that 
it easily can be opened and the flap inspected as necessary, which should be 
an hour or so after operation and later in thé day. Adjustments of the 
pedicle may be made, as desirable, by this attention. 

Postoperative care of tissue transplanted to the foot—whether free graft 
or flap is very important. One of the worst difficulties is keeping the patient 
off of the new repair long enough. ‘Theoretically, they should not be on the 
feet until there is complete healing and complete return of sensation. Con- 
stant effort should be made by the patient to prevent trauma—or rubbing of 
a shoe or brace, and to avoid extremes of temperature. Padded or cut-out 
shoes are needed frequently, plus the use of crutches or cane if the repair 
is in a weight-bearing area, or where a shoe may rub. 

A soldier simply can not go back on full duty soon after a large foot 
repair, and to do so usually means further morbidity after the first hike. 

Along with postoperative care should go a knowledge of the faults of flaps 
and grafts so that they can be guarded against. The foremost is the failure 
to metaplase into normal foot tissue, and the necessity of continual protection 
in the form of cleanliness, frequent careful observation for blisters and infec- 
tions, and the use of foam-latex or neoprene pads in the shoes. Grafts may 
develop sebaceous collections that should be emptied before they enlarge and 
become infected. Little bridges of skin may also occur and these should be 
carefully cut away to prevent infection about them and ulceration. Dried 
sebum and crust formation also may lead to ulceration and the frequent use 
of massage and cold cream or lanolin will help keep the areas soft. Where 
the thin soft repair joins the hard keratosic normal sole, there may be exces- 
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sive keratosis and even annoying wart formation of the repair. Prevention 
is much better than cure, by careful cleansing, attention and the nursing that 
has been mentioned above. 

These faults of grafts and distant flaps have led some surgeons to the 
opinion that only sole tissue should be used on the sole—even if a cross sole 
flap has to be used ; but the difficulty is not as great as this concept. Certainly, 
in a large series of repairs there would be much more total debility from 
cross sole flaps than from niore distant ones, although it is recognized that 
the cross sole type may be indicated in occasional instances. 

Results of repairs of the foot vary from poor to practically normal lives 
being led by the patient. Dramatic relief from painful lesions may be had 
by simple direct flaps or even grafts. Prolonged debilitation, upward to nine 
years, has been relieved by single procedures, and the essential steps are: to 
get the lesion removed; the defect repaired and healed; and then have the 


patient cooperate in every way to protect the repair from trauma. The foot 


and its sole is an area of the body to recognize as one of design and benevo- 
lence, that can only be substituted for, once it is lost. Most soldiers with 
moderate surface defects of the foot can be returned to limited duty. 





REFRIGERATED SKIN GRAFTS* 
JEROME P. WespsterR, M.D. 
New York, N. Y. 


FROM THE DIVISION OF PLASTIC SURGERY, DEPARTMENT OF SURGERY, PRESBYTERIAN HOSPITAL 
AND COLLEGE OF PHYSICIANS AND SURGEONS, COLUMBIA UNIVERSITY, NEW YORK, N. Y. 


WHILE Baronio,! in 1804, in his classic experiments, successfully removed 
full-thickness skin grafts irom sheep and allowed varying periods of time 
up to one hour to elapse before replacement, this knowledge was not utilized 
clinically until after 1872, when Reverdin,? Ollier,® Thiersch,4 and Wolfe’ 
reported clinical success with the free skin grafts bearing their names. 

Girdner,® in 1881, claimed to have been the first to transplant skin from 
a cadaver as a homograft, although without success. The following year 
Brewer’ reported success with grafts taken from cadavers and amputated 
limbs up to 36 hours after removal. Other investigators have also used skin 
from these sources. 

Wentscher,® in 1903, was the first to refrigerate free skin as autografts— 
one for seven days and three for 14 days; all but one of the last were suc- 
cessful. Carrel,® 1° after experimenting with various media for preserving 
refrigerated skin grafts, concluded that vaseline was the most satisfactory. 
In 1911, he suggested to surgeons that refrigerated skin might well be used 
clinically to advantage. In 1930, Kubanyi™ in his experiments found that 
autografts preserved in the individual’s serum, if applied after 12 days from 
date of removal, could live at least eight days after transplantation. 

Most of the reports to be found in the literature on the use of refrigerated 
skin grafts are experimental. A large proportion of the clinical observations 
reported deals with the use of homogenous skin grafts from cadavers or from 
amputated limbs which grafts cannot be expected to survive permanently; 
only a few autogenous grafts were reported and these were usually re- 
moved from an extremity after amputation. The deliberate refrigeration 
of skin removed at elective operations for clinical use later on is rare, with 
only two or three reports made during this century. One of these appeared 
only last year when Brown and McDowell,” in their excellent monograph, 
“Skin Grafting of Burns,” covered this subject by these words: “In one 
case a successful full-thickness graft on the neck had been stored in an 
ice-box for 48 hours; as far as is known, this was the first clinical instance 
of the use of the procedure. One can conjecture all sorts of storage plans 
and tissue-culture plans for grafts, to be used in war time, but final success 


has not been attained.” 
PERSONAL EXPERIENCE WITH METHOD 
On September 9, 1932, I first refrigerated skin clinically as a life- 
saving procedure at an operation upon an infant to replace a large pigmented 
hairy nevus of the cheek by a full-thickness graft (Fig. 1 A.; Table-Case 1). 





*Read before the American Surgical Association, May 3-4, 1944, Chicago, IIl. 
431 





Surgery 


of 


Annals 


> 
X 


BSTEI 


— 
4 


— 
= 
- 
im 
(x) 
— 
ma 
co) 
~~ 

ie 
ea 
- 


*poydde yes uayM 


‘do puz Jae uoos pur 210Jaq 


Suryjem “3d pue payeey ozs 1ou0Gg 


“UOTJNIOSsIp 
PpeMmoys sijeIZOWOY 
‘QAOGE SE DUIRS Laly 


Ajiea AIDA 
peyvesas jay 
*quasoid 

"AND "ygDjs ‘uay pue “q]D ‘YydDIS 
‘UOTIIVSLIJa1 Buoy OF onp sinjrey 
*zyeIZOWIOY VAI] poy 

4Igt Aq Bursesddesip 
nq ‘SAEp OI 30} aye} 


*“Aep 
,, Peyeu,, 
jusieddy 
*uol}e18d0 
pues SIjay}soue L1I}X9 UL poleds 34 
‘spunol polydde 
‘yey ul dn poamoyye 3d aw} 34 


piem uo e183 


*PePIOAe VLisayysoue eIIX| 
‘daiys 0} anp Ajjusredde sso] 

*uoIqwoT[dde as10jaq painzjno 
Sploisy3ydip pue ‘days 
“qip “yds 


*may-uoUu 


evdsep sayxei %001 


‘oinpe 01d BUIAvS-9]I'] 


*yoOY A[@AISsa9 
-xa Aeq  ‘ainpsooid Buraes-aji] 


JUBUIWIOT) 


aye} 


JUS][eOXy snousso ny 


ainjlIey  snoussowoyzy] 


snoussoulo fy 


aIN[Ie] snouss0 ny 


sine yy snoussoyny 


oye} 


¥001 


aye} [ese snousso0jyny 


y10q jo 


S942) %001 snouasony 


BAe} poor) snouss0yny 


oye} poor) 
Nsay 


snouss0 ny 
werd 
jo WA] 


GqagAOTdWA AYAM SI 


ulys 
SSaUyoIYy 
bd LL 


ulys-]dS 


ys-31dS 


“yds 


a 


ulys-31[dS 


urls 
ssoUuxoIyy 
“1M 
ulys 
ssoUuyoIYy 
“1a 
ssou 


“AL 


SAUP TI 
sAep oy 
"SYM CI 
skepz7N 
sym 9 
sep ¢ 
pue 
"Sy OT 
SAeP Z 
pue 


*soul ¢ 


SAP 6 


<ep 6 


sep 9 


SAP F 


pewwesss jay 


ou] 


JVjJop PeIsYI1IO} paisAod Ajjuent 
Bul 
“Ul] oANNyY JO} dey peeyolo} Jopun 
‘uoTezyeyId 
-soy pue ‘do juanbasqns J3a10YS 

ulys §,3d jo 
*‘eqeWLIedxyq 

ulys 83d jo 
‘[eusWILIed xq 


-98qns Jopureulol .9s0uU JO 


poorjd yye1Z jo szit 


UOISIOXS PIOAR OF 
uo XB PIOAR OF 


ULYS JO [PAOUI|I Apiva Aq UOTzeZITe} 
-dsoy pue ‘do Juanbasqns 19310Y4S 

UOISSIULIEd paAelap 
qUaied SNOPWTYOSIaAG “do yuanbas 


-qNs a]qissod 10} poaes urys sseoxy 


Jaje] Apeal aq 0} a0R} 

-Ins Buljejnueis 10} paaowsl urys 

‘do jews & JO} SIjay}soUe JopuLy 

peonpel 

uoI}IejuUT pue AIOWLISIVeES V1IaM 

SUudI}E[NueIZ UsyM dyjess 03 patid 

-de oq 0} peAoulal ulys ‘10}zeI10d0 

Jayjyoue Aq spyeAe uodn ‘do yy 
ulsd At} Ul paoeld yye13 jo % 
UOT}NjOS 
yeis jo & 


ouljes Ul peorid 


i 


*[eJUIUILIed xy 


S93 48 Z OUI POpPIA 
-Ip ‘do 
ayeIpswwit 


‘snopiezey uoljeoydde 
83d 
SIdeIS Z 
‘ainpasoid 


uoINIpPUuoD 83g 


spew UOIzIPUOD 


O}UI ‘do os 


astjue 


pepliAIp 

pertqiyoid 

UOI}VIIB Jay 1043 
uOsEI 


QSOU JO BITUTIOV SIFIVEULIEp pue 
2WOI[aY yda [Jao Snowenbs-eseg 


Yeeyo pue uorwse1 
[eUq1O-eIjUI ‘BOTUIZOR SIqIVeULIIG 
yeeyo pue 
‘spljaAo ‘moiqeaAd ‘prey 
-910} JO SnAoU AlTey pozUIUZIg 


9sou 


suoisal [eseu pue [ey 
“IQJO ‘JUBUTIAJOAUT [Jao SnowenDdbs 
DUIOS YIM ‘BUWIOT[9Y }IdO9 [99 [eseg 


‘sie 
*peayo1o} ‘djeos jo suing ‘Zep pig 


spuey pue sioplnoys *208} 


dey apoiped Aq paoejdal 

JjeIB ULYS [PUIBUG “WIPsIOJ }e 
SUOPUd} pozyeiV0"] pue 9INj}Oe1,{ 
Siasuy jO oseq 

pue pury pure 4si1M jo HOeq ‘apis 
yord UO ZDBJINS IeJOA 0} UMOP 
BuUIPus}xX9 DoVjANS *ys0d *wWIeII0} 
JMO] ‘snAosU Alley poUIWsIg 


"Hao Jo SNAYU Alley paUswsig 


uol}Ipuos 


Ava NINS GALVAAOINADTA WOHM NI SINEILVd $7 AO VIVG AO SISAONAS 


] a1avy, 


"SIA 69 
SETOSF 
‘a‘f['8 


“B14 ZI 
SOLeTP 
A Ss 
"BIA S 
OLPETE 
‘S‘a 9 


"SIA 67 
T£900F 


9018se 
‘LN °2 
"SOU LT 
LS9867 
oF Ni Te 
asy put ‘ON 
quaneg 





NY 
co 
fr 

_ 
a 
aa 
= 
-_ 
— 


SN 


D SI 


ATE 


‘FRIGER 


RE 


*9AIJOV puke yorG 
*peyojul eole qUIId Day 
“ulys jo [PAOW OI 
JOYIN} JO out} Je paydde sjyeiy 
*Buo] 00} payesasiijoi yng 
‘JUsTJeoxXe pseg “wyyod uo usayey 


uo "iq 


“wyyoud uo uayey 


“myyord uo uayey 


aX peypwy “Aep yi, Aq .Pei]2 


pey 17213 JO 4uU UIC I[GeIOpIst 


“payesasiijol asim 
“19430 BSOYy} UY} 19}}0q Je} YOO} 
eI pazipiydoA] jo syieg *jo1jUOD 
YSe1j SB [jam SB YOO} pajzelasiujos 
S}jeis ON, “SBaIe YUuaIdID—1 F IDAO 
PpeINqiuisip pue PsplaAIp sj}jeis I 

*Splojayyydip pu 
"YGDIS “Mi2y-uoUu 


SnIAND “YdDIS 
quia 


UL ay 


GAA] ul ay pe} OUT peg 


‘paydde jje13 uays 


‘do puz iaje uoos pue ai0jaq 


Bulyjem “yd pue pajesy ajzis 10U0(] 


“Aep yz Aq 


P2PW,, ‘S][eo pue uinsas s jd u 


Yo0F >We 
%09 HRD 


aye} poor 


ainprey 
%001 
JSOWLY 
%OO1 
JOoully 
%001 
WOoUuly 
% 001 
JsOwLYy 


psse1IAR 


S$}jyeis popraiqd 


| 
YR} WSaYS 


aye} poor 


snoussojyny 
snoussojyny 
snouasojny 
snoussojyny 
snoussoyNy 
snousso ny 


snoussojNy 


os0jny 


soy 


snoussoyny 


snousso ny 


800°0 
UlyAS-I1dS 
z10°0 
ulys-}1/dS 
0100 
ULYS-711dS 
0100 
ULYAS-31dS 
800°0 
ulys-1]ds 
800°0 
ulys- dS 
800°0 
ULyAS-HIdS 


uIyS-}]dS 


ulys-}W]dS 


1yoIy 
“104 


sAep ¢ 
SAEPp OI 
sAep 7S 
SAEP gI 
SAUP 
SAP BI 


SAep [I 


sAep [] 


Seis jo uoijeoydde ayeipawut 
MOT[e 0} je 88 fe) 00} UOTJIPUOD 84d 


suonepnueis 

poos JIVME 0} OSTY “UOTIIPUOD Sq 
poydde pue paaowsi 

OS|[B 919M S}Je13 YSoij JoyyINy UsyM 
"do 1a}e] ye paydde pue pajzelesiy 
-o1 suinip ¢-Z7 Z s}jeis 


‘paydde 


Yysed} jo § up 9WOJeULIap ¢ 


‘do § sainpsso0id =Jay 


uoIN} 


syed ysoig 
pazirydos pr 
uazoly Yornl 
iy OU 
f yoore [A nq | NXOIp U 
YUM “2 ZL 1e 


wed (q 
dof 
Wed 


uazoi1y Yond, 

‘uoIynjos Ss jasury 
§ Josuly 
*[eJUsWILIGd xy 
Buljjess a eps MOT[P 
0} snouessid 00} UOINIpUuOo. sq 
u Piodo juo asqns Buoy] 
jO BUI} PaAeg ‘1ajze] pesn ‘do Joys 
1B dey peeya lopun do 4s] 

pasn jyeis Ssauyory)-| 


wie 
3a] Jo Jred pue ‘ysayd Ja] pue 
yoeq d11Qua ‘vauy MOlaq Ba] WYys 
‘Ba ie] Viljua suing “Zap pil¢ 


euseid quid pey 3q “Sal} 
-1U191}X9 JgMO] pue Huns} ‘suing 
‘Sap puz vwios pue “Sap pig %CSF 


40 


ulieai0o} pue wie ieaddn 
UI (00}}8}) SBIPOg uUs1I10,J 
19}SesIp Binquspulf{ 
‘JSUM pure spuey 


aR} JO Suing Ysey Zap pig 


ysIeyo pue 
10 ewoleyiydea [Jao jeseg 
poprey syjyess sjuoiedg 


“d10J9q SAPP Ct 


poydde jussed 
yore pue “3d 


pue 32] 


“siA Z 
ESZPiL 
“LOL “$1 


"SIA Lh 
TOesol 
‘da ‘*M ‘tI 


*s1A ZZ 
06£8609 
“a ‘el 


‘SIA & 
OL tlhe 


\ 





eR 


BSTI 


P. WE 


OME 


R 
‘ 
2IN 


JE 


*poisisiad 


laBiey Ajuo ‘sdijs |[jeuis 


ujyorjd UO PeAOUlal jye14) 
:AlORISIVBSUN peg 

"UOT jul 

Aq Ajjuo1edde 
sem ng 


*‘poAoijsop 
‘O4By 0} 


193k] 
peieodde ¢-] 


*s}yeisOWOY Is1y 
Aq pesned AjAI}ISUIS DIBIaje 0} 
JO UOl}OjJUT SnosauDAI0KG Buiusa 


-Jg}UL 0} Jaye snp sso] Apieq 


*“10u0p aules wot] Aja velpeul 


Wil paldde sjjyeizowoy Yysetj 9104 
-2eq A[Qeiapisuod _ payjeul,, §}jyeid 
WO ee LT *upyord uo UdAe]L 
‘Baie alljua 
Suipeeids 


‘S30, 0} S)jel8 


dwieys a3e sod se wyyoud uo uaye yp 


ip 
1xoiddy 


ylowsy poejedxe 
is 1O lopure lod 
sod apt I NVIVILIJoy 
“SvJePIdZO Ne Poets i jol 

Ide [eAjJojuL Aq paenuijuod 
SEM §$)]e17 j YSeij SUINIp sUloy 


-eullap g Aq afi 84d jo Bul 


) UDHS} eA) 

*uLys 

}SEM JNOYIAM S[VAJIIUT VIqeyiNs 
{pez 
-iad sainpeaoo0id jo Zuiseys ajduis 


ye ‘do doy 0} ajqissod 


yUsUIUIOZ 


aiInprey 


a7e) %08 
Areioduia | 


e723 %08 
Areiodula | 


F183 4566 


%001 
OWL Y 
%OO1 
OWLY 


2421 %S6 


% 001 


%O0l 
nsay 


las0yny 


snouss0 Ny 


snoussowop{ 


snoussol 


snouss0 


lado Ny 


snousso Ny 


snoussojny 


snousso ny 
snousso ny 
snoussojny 


yyeIty 
jo adA] 


800 0 


ulys-ydS sAep [Zz 


sAep 9] 


ulys-ds 


urlys- yds 
800°0 
UIyS-31]dS 


sAep ¢1 
sAep 


800 0 


ulxs-VWIdS 


010°0 


I14S-3 


0to0'O 
UIyS-WIAS 


ULys-I11dS 


urys-3]ds 


ulys-1/dS sAep 
800°0 
Urlys-W]dS 
800°0 
ulys-WIdS 
ssou 


“HIG L 


sAep 


SAUP F 
peiesasijay 
aully 


suonepnue in Aq pe ye[das 


SEM Pole 1jOINOU uayM pesmnb 
“a1 asimiay}O ‘dO e1}x9 ploae Of 

FIGeINS UOTIIPUOD UsyM 
aorjins duinjs 0} uoljeoldde IO} 


poseayes urys uoneindwe Za, iW 


I9}L] [1QUN Burjyess 10) ojqeyins 
JOU SPVIe ‘PaSIOxe Ajyerjied 1eYyosa 
yUVWIVpPLUgep Jo soy 

SOUL IJIYIANJ 9ye1VjO} 0} 100d 00} 
109 $3q “YOoys JusAoid OF 
BISBIOSAP poolq Wold} aseys 
1OW9Y BIAISSEW pesned jjyeiZ QUO 
YUM JUGUIZVII} YONS Jaye Buijjess 
pue JUaWapUugep JsyyNj Sursjep 
Aq YOOYS JUDAIC pue }je13 VALS OL 
ABMB Paz[IUl Jaye 


wooly yyeiZowoy pajyesesjo1un 
‘ul “bs gsz se yd Aq peazijayida 
Pole uo 


Buleq jou suoljepnueis 


Builaaod Aq sso] piny sonpei oO] 


SUOIIE[NULIZ YIM PIIBAOD aUIedIq 

}O1D9U UDdYM “do a7ze1AQgO OF 
SoiInps001d Jay IN} JUIIIEM YOU PIP 
uoINIpUuoD $jd ynq ‘AjayeIpewuUwt 
poydde sem jyno sulnip ‘uwuap ¢ 


FYI JO] ‘VuUll) BISVtsoue VON ps1 OT 


UOIBIIS III 4Ooj 
uoseay 


sjulol jesiejyejoul 
-O818} ye joo} jo 


PLE989 
“f tez 
"SIA 99 
OZLOFL 
=a ae 


uonjenduy ‘d 


Boa] JO Ulys JO UOIS|NAY 


siop 
-[hoys pue sulle suing ‘Sap puz 
YoOl *S88ea] Jamo] ‘“Sysiyy ‘Sepris 
*yoeq ‘suwie suing ‘Sep pig st 


sulle yjoq pue yun} 
‘Bop pig pue puz 


» Su ing 


vAI8U9 SG | 


ulleaiO} pue 
wie “exe ijo] jO uing sop pig 


sue "SIA 6 


jo Jed pue saauy 0} JSaYyd WO] “1S 166% 


409 ay oa ek 

quiny} 0} uawopqe "SIA C7 
dey apipeag “puey jo quiny} pue PIOEIL 
Siosuy | ) UOTJeNdwe oNeuNely “d id 


2| P1413 ailjus ‘uing ‘Zep pig 


Aywiasjxea Joddn yy3u pus 
yuni} ‘sZa] ‘suing ‘Bap pig %He 


uo}Ipuody adv pue ‘ON 


quae 


GaAOTdWaA BZAAM SLAVAD NINS GALVAADIAAAA WOHM NI SLNAILVd ¢Z7 AO VLVG HO SISAONAS 


(penunuod)—] alavy 





replaced by granulations 


persisted. 
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{t was an excessively hot day and her condition became so precarious, after 
removal of the skin and closure of the defect, as to necessitate termination of 
the operation at this point. The skin was refrigerated and, at a second 
operation four days later the nevus was excised and the refrigerated skin 
was applied without hazard and with good result (Fig. 1 B). 

On January 4, 1935, before the Section on Surgery of the New York 
Academy of Medicine, I reported nine cases in which I had used this method. 
Up to the present time we have had a total of 23 patients upon whom refrig- 
erated skin grafts have been applied on 36 occasions. Four of the grafts were 


tl ail 


, 
ae 


A B 


Fic. 1.—Case 1 (Table). Skin refrigerated and operation terminated 
condition of patient. Skin applied four days 1 

A. Condition before operation. 

B. Condition three years after operation. 


because of 


full-thickness skin and the remainder split-thickness. All of the grafts 
transplanted were autogenous except five which were homogenous, with 
small expectation of permanent survival (Fig. 7). Most of the autografts 
were transplanted after refrigeration of less than 21 days and these were 
largely successful, failures being explained on the basis of infection or other 
unsatisfactory conditions of the beds. In four instances autogenous skin 
grafts were applied after periods of refrigeration lasting from 26 days to 
five months and two days (Fig. 6). All of these autografts, refrigerated 
over three weeks, “melted away” as do homogenous skin grafts. Grafts 
have been applied both on clean wounds and on granulations. No refrigerated 
skin reported in this series was removed from cadavers; in one instance 
the source was autogenous avulsed skin from an amputated leg. Four of the 
procedures were purely experimental. 
TECHNIC 

The technic of skin refrigeration is simple. It is often advantageous to 

use film-cemented grafts.. These are obtained by cementing sheets of pliofilm, 
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or other similar film, over the drum of the Padgett dermatome, applying 
rubber cement to this covering film as well as to the skin, and cutting the 
grafts in the usual way. This technic has been reported from my clinic 
within the past month.’*:** It is not necessary, however, to remove the 
grafts on film. 

In either case, the grafts are folded together -(Fig. 2), so that the raw 


surfaces are in contact, thus preventing excessive evaporation. The epithelial 





—_———_ 
































Fic. 2.—Method of preparing graft for refrigeration. 

A. Film-cemented graft. 

B, C, D. Folding of graft on itself, raw surface to raw surface. 
E, F, G. Wrapping grafts in a sheet of film. 

H, I. Wrapping grafts in xeroform or vaselined gauze. 

J. Packet wrapped in two sterile towels. 


covering, especially with the overlying adherent pliofilm, tends to prevent this 
evaporation. The folded grafts are then wrapped in additional film, and this 


packet is subsequently wrapped in several layers of xeroform or vaseline 

gauze of a fine mesh in order to further seal the grafts to prevent them 

from drying. This package is wrapped in two sterile towels and marked 

with the patient’s name and date to identify it. The bundle is refrigerated 

in the ice-box at approximately 4° C., the ordinary refrigerator being satis- 

factory. When the grafts are desired for application, the outer towel is 
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removed and the grafts are treated and applied in the same manner as 
fresh grafts. 


LYOPHILIZED SKIN GRAFT 
At this time I wish to make a preliminary report of one case in which 
quick-freezing of skin grafts was used and one of the grafts was lyophilized*» *° 
as well. This was the case of a tattooed man (Fig. 3; Table-Case 12) who 
desired removal of his self-made decorations. At the first operation three 


S 


Fic. 3.—Case 12 (Table). Skin grafts refrigerated 17 days (a) at 4 
C., (b) quick frozen at 72° C., (c) quick frozen and lyophilized. 

A. Tattoo marks right arm. After _ areas grafted with refrigerated 
tattoo marks on the left arm were removed (Fig. 3 E), as were split- 
thickness skin grafts from the entire right thigh. Some of these grafts 
were applied to the denuded areas on the left arm and the remaining grafts 
were treated in three different ways: One graft was placed in Ringer’s solu- 
tion and kept at approximately 4° C.; another graft, also in Ringer’s solution, 
was frozen with carbon dioxide snow and butyl alcohol at -72° C., and 
was kept frozen; while the third graft was frozen in the same way, but, 


in addition, was lyophilized by means of a vacuum. This caused it to become 


shrunken, hard, and apparently dry. 
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Seventeen days later four tattoo marks on the right arm were excised 
(Fig. 3 A) and a fresh graft was also taken from the left thigh to be 
used as a control. The frozen and lyophilized grafts were placed in saline 
solution and appeared remarkably healthy. All four grafts thus treated were 
divided. They were then distributed and sutured in scattered places over 


the four denuded areas on the arm (Fig. 3 B [upper] ). 


OCATION As applied 
April 19. 1938 
10617 days old 
x 2 ” ” ” —_—_- 
x 3 ” " ” 
*4 Immediate 








GRAFT How treated 

¥1 In Ringers @ 4° 
a2" 0 frozen @ ~72°C 
%3 " " " ” = 79 & 


4 Fresh and lyophilized 


ConDIT ion May 13 1938 
21 days after application 





ion. (Below) Three weeks after appiicatior 


The fresh control graft resulted in about 98 per cent take. There was 
considerable loss in all the refrigerated grafts (Fig. 3 B [lower], C and D) ; 
some parts of the graft placed in Ringer’s solution at 4° C. and also of that 
frozen at —72° C. were largely lost. Portions of the divided lyophilized 
graft averaged approximately 80 per cent takes and were definitely better 
than portions of the other refrigerated grafts. There is no question of fact 
that this skin graft, which was frozen at -72° C. and dried by the lyophilizing 
process, actually survived this treatment and persisted as living skin, although 
it was a less satisfactory transplant than the control fresh graft that was 
immediately transplanted. Modifications of this technic are now being tried 
to determine if lyophilized skin grafts can be transplanted more successfully 

438 





D. Condition 18 days after grafts applied. Note especially area No. 


where lyophilized skin gt remained strong. 


E F 


E, F.—Condition six months after refrigerated grafts applied. 


439 





JEROME P. WEBSTER Sanam © Daten 


October, 19 


and after longer refrigeration. Such an attainment would hold valuable 


possibilities. 


CASES AND INDICATIONS FOR USE 
There are several indications for the use of refrigerated skin grafts. If 
an excess of skin is left over after an operation this may be refrigerated 
for future use, should the original grafted skin not be completely successful. 


B 

Fic. 4.—Case 2 (Table). Operation to graft full-thickness skin to replace pigmented hairy nevus 
of forearm, wrist, and fingers divided into two-stage operation as life-saving measure. Original operation 
terminated when condition became critical after excision of full-thickness skin and split-skin grafting of 
donor site. Skin refrigerated and at second operation, six days later, nevus excised and area grafted. 

A. Pigmented hairy nevus before excision at age of seven. 

B. Refrigerated full-thickness skin grafts on forearm and hand applied 12 years previously afte: 
six days of refrigeration. 


On another Service at the Presbyterian Hospital, a graft was removed from 
the thigh to be placed on granulations on the eyelid and forehead of a burned 
patient. Since more skin was removed than was needed, the excess was 
replaced on the thigh. The graft originally transplanted failed to take and 
a further graft had to be removed. Had the excess skin been preserved and 
refrigerated, the patient would not have required the second operation, thus 
eliminating additional anesthesia and longer hospitalization. 

Refrigerated skin may be removed at a minor operation (Fig. 5) 
when it is known that skin will be needed subsequently and this may be applied 


on granulations without an anesthetic or on clean wounds under anesthesia 
if required. 
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In burned patients (Fig. 9) the grafts may be removed and refrigerated 
at the time that the eschar or slough is cut away, especially if the patient’s 
condition does not warrant application of the grafts in whole or in part at 
the time of débridement. As the granulations become satisfactory for grafting 
the refrigerated grafts may be applied. 

A portion of the skin may be used at the first operation and the remainder 
applied at a later date (Fig. 8). The donor site may by this time be 


C 


C. Donor site on abdomen and chest 12 years later. 


completely healed and the patient ambulatory ; thus he can leave the hospital 
earlier than if the graft were freshly removed at the time of application. 

Avulsed skin from a crushed extremity may be removed and refrigerated 
and kept until satisfactory granulations have been produced and the 
threat of gas gangrene or other serious infection has been eliminated. 

On certain occasions refrigeration of skin may be a life-saving method 
(Figs. 1 and 4), in that it permits dividing a long, hazardous operation into 
two less taxing stages. 


SUMMARY 


Refrigerated skin grafts are seldom used in surgery today, although the 
technic is simple and its application has widespread uses. It is of special 
value in grafting young, debilitated, or extensively burned patients. 
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B Cc 
Fic. 5.—Case 5 (Table). Split-skin graft, removed under anesthesia given chiefly for minor operatio 
applied after refrigeration nine days later. : 

A. Recurrent periorbital spread of basal cell epithelioma of lower lid requiring radical excision 
opening into antrum, mouth, nose, frontal sinus and ethmoid cells. 
spinal fluid issued from hole in dura. 
into all but nasal cavity. 

3. Condition following above 
nose exposing septum. Under 
flaps. 

oe 


I 


On removing specimen cerebro 
Temporal muscle swung over to plug hole and close openings 


procedure showing temporal muscle filling defect 


and fistula of 
anesthesia skin excised and 


refrigerated and fistula closed by double 


Condition when skin refrigerated nine days was applied without anesthesia at ward rounds, 


D. Condition one year after applying skin with 100% take. 


E. Condition six years later. Note adjustment of mouth and cheek by tubed pedicle flap from 
neck to build up cheek for wearing ground glass lens with side shield on spectacles. 
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Fic. 6.—Case 6 (Table). Excess split skin, not applied when pigmented 


nevus was excised and grafted, applied five months and two days later with 
apparent temporary success. After ten days graft “‘melted away” like a 
homégraft. 

A. Condition before operation. 

B. Condition three months after excision of nevus with grafting of 
split skin. Two months later at second operation scar of lower lid excised 
and area grafted with skin refrigerated five months and two days. 

C. Condition one year after applying refrigerated skin. Subsequently 
postauricular skin grafts to lids and “‘island’’ scalp graft to eyebrow im- 
proved the condition. 
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The source of the grafts may be cadavers, amputated limbs as homografts, 
or autografts, or the usual donor areas on trunk or limb of the patient himself 
or of others. Only autogenous skin grafts may be expected to survive per 
manently. 

The procedure has been employed 36 times-on 23 patients at this clinic 
during the past 12 years. All of the grafts lived if the recipient areas were 


suitable and if the grafts were autogenous and were not refrigerated for more 


B Cc 

Fic. 7.—Case 7 (Table). Failure of autograft refrigerated ten weeks and three days and later cf 
two homografts refrigerated six weeks and two days and 15 weeks and six days, respectively, which 
“melted away” rapidly. 

A. Condition three days after refrigerated homograits applied. Note successful autograft applied 
immediately to medial portion. Autograft refrigerated ten weeks and three days had ‘“‘melted away” on 
lateral portion before homografts applied. 

B. Condition on fourth postoperative day—one day later than that seen in A. 

C. Condition on fifth postoperative day—one day later than that seen in B. Note the transparent 


pellicle attached only at the periphery. 


than three weeks. In our experience those refrigerated over this period failed 
to survive. 
No homograft persisted permanently, although those refrigerated within 
the three-week period survived longer than those preserved beyond this time. 
Lyophilized skin was grafted in one case with partial but definite success 


after 17 days of refrigeration. This procedure gives promise of being im- 
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_ Fic. 8.—Case 8 (Table). Full-thickness graft removed and part buried under forehead flap for 
future lining of nose. Remainder refrigerated for covering forehead flap defect. Wound was healed and 
patient was ambulatory before refrigerated skin applied. 

A. Condition after excision of nose and cheek skin for basal squamous cell epithelioma and 
dermatitis actinica of nose. 

B. Condition ten days after skin removed from groin, part placed under forehead pedicle flap and 
part refrigerated. 

Forehead flap brought down to form nose. Skin, refrigerated eleven days, sutured to fore- 

head defect. Condition ten days after operation. 

D. Condition three days after division and revision of pedicle flap with partial excision of 
grafted refrigerated skin on forehead for return of pedicle. 
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proved and of value. With a modified technic it may be possible to graft 


lyophilized skin with even greater success and beyond the three-week period 


of refrigeration. 


CONCLUSIONS 
The refrigeration of skin should be more widely used (a) to store excess 
remnants of grafts for possible future use; (b) to delay grafting until suitable 
conditions of the recipient area prevail; and (c) to divide long hazardous 
operations into two or more less taxing stages. 
By this procedure the plan of operations may be facilitated and lives 


may be saved. 


E 


Fic. 8. Case 8 (Table). E. Donor site on right groin twenty-one days 
after removal of full-thickness skin. 


Since this paper went to press Case 23 had film-cemented skin grafts which had 
been refrigerated 35 days placed on granulating areas where grafts refrigerated 21 
days had been lost. The 35-day grafts at first were white but subsequently regained their 
vitality and were definitely covered with epithelium from the grafts themselves as they 
had been placed on granulations with no adjacent epithelium. While these grafts were 
applied mainly to stimulate epithelium from the patient’s. surrounding skin with no hope 
of survival because the refrigeration time had been over three weeks, this is an instance 
in which successful takes were obtained well over the 21-day limit. It is felt, however, 
that the chance of success is far better if the grafts are not refrigerated over three weeks. 
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Fic. 9.—Case 21 (Table). 10% second degree and 45% third degree burns of extremities, 
back and sides. Value of refrigerating skin to be applied when recipient areas suitable for 
grafting. Autografts, two drums (64 sq. in.) refrigerated seven days. Homografts (mother), 
two drums (64 sq. in.) applied immediately, two drums after two days’ refrigeration, two 
drums after thirteen days’ refrigeration, five drums (sister) (160 sq. in.) applied immedi- 
ately. [Autografts. three-quarters drum (24 sq. in.) applied immediately and two-thirds drum 
22 sq. in.) applied after four days’ refrigeration.] All grafts taken on pliofilm. 

A. Condition two months after burn and triple dye applied at another clinic; twenty days 
fter autografts, refrigerated seven days, applied to lower legs (darker squares); five days after 
homografts (mother) applied immediately on gluteal regions; three days after homografts 
mother), refrigerated two days, applied on perineum, gluteal folds and lower leg (lighter 
areas). Note eschars on thighs. partially coming away. 

B. Condition of lower leg same day as A. Autografts refrigerated seven days (darker 
waren) twenty days after application; homografts refrigerated two days, three days after 
pplication. 

C. Condition thirty-three days after A and B. Fifty-three days after autografts refrig- 
erated seven days were applied to both lower legs. They have now coalesced. Fresh 
homografts (mother) thirty-eight days after application (at scissors) still strong with epithelial 
outgrowth at periphery but showing beginning dissolution, while grafts removed at same time 
and applied after thirteen days of refrigeration twenty-five days age show more dissolution 
than the fresh homografts from the same source. 
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Discusston.—Dr. JoHN Staice Davis, Baltimore, Md.: I have been much interested 
in Doctor Webster’s important and practical paper. The idea is generally prevalent 
that skin grafts of all sorts should be applied either immediately or within a comparatively 
short time after being cut, and the question as to whether this was necessary ‘has been 
interesting investigators for many years. 

In addition to those investigators mentioned by Doctor Webster, Martin, in 1873, 
carried out a series of experiments on the persistence of vitality of grafts, and he came 
to the conclusion that cold favored the success of the transplantation, that heat caused 
a shorter duration of vitality, and that grafts were best preserved in hermetically sealed 
tubes. It should be remembered that these experiments were done before the days of 
asepsis. It is interesting to note also, that the preservation of dried surface skin for sub 
sequent grafting has been tried by Hodgen, in 1871, and also by Lusk, in 1895, and by 
others. Ljungren grafted successfully pieces of skin kept in sterile ascitic fluid from 
two days to three months. 

Many of these experiments were carried out with iso- or homografts, and, inasmuch, 


as isografts are only very infrequently permanently successful, even when immediatel) 


transferred, these observations must have been made of the apparent early takes and 
not of the ultimate results. 
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My own interest in the preservation of skin grafts has been of long standing, 
and I have used refrigerated grafts off and on for many years. I became convinced 
by experiments early in my career that not only was the immediate application of grafts 
unnecessary, but that autogenous grafts of all types could be preserved by simple methods 
and be successfully transplanted. 

It was noted in observing the growth of refrigerated small deep grafts, that while 
the graft would take and the blood supply would become established, it was fully a 
week or even longer before any new growth of epithelium was observed from the graft 
margins, and this growth seemed slower than from immediate grafts of similar type. 

For practical purposes, it is seldom necessary to preserve grafts for longer than 
three or four weeks, as after that lapse of time, the wound is usually healed or the 
patient is in suitable condition to permit the cutting of fresh grafts. 

Immediate grafts are always to be preferred, but refrigerated autografts have a 
definite field of usefulness, and I have found that they can be used with success as long 
as five weeks after being cut. 

Should it ever be made possible by special preliminary preparation, by new advance 
in blood grouping, or by any other method to use isografts and to obtain consistent 


ZI 


permanent results, then the refrigeration of grafts will be of great additional importance. 


Some surgeons transplant isografts to cover extensive denuded surfaces as a routine 
early treatment, when autogenous grafts are not available. These grafts which are 


j 


ordinarily obtained from volunteer donors and used immediately, may also be obtained 
from amputated limbs or from fresh, disease-free, cadavers and can easily be preserved 
by refrigeration, and be a useful source of supply when needed. At the present time, 
grafts used in this way are only advantageous as an excellent dressing. 

The practicability of the preservation of skin grafts has not been generally under- 
stood, and Doctor Webster has clearly demonstrated the usefulness of the procedure, 
and has also developed a simple technic of skin graft preservation by refrigeration, which 


hereafter should be utilized frequently. 





SKIN GRAFT FIXATION BY PLASMA-THROMBIN ADHESION * 
Forrest Youna, M.D. 
Rocuester, N. Y. 


FROM THE DEPARTMENT OF SURGERY, THE UNIVERSITY OF ROCHESTER SCHOOL OF MEDICINE AND DENTISTRY 
AND THE STRONG MEMORIAL HOSPITAL, ROCHESTER, N. Y. 


THE SURVIVAL of a free skin graft depends upon the rapid establishment 
of an adequate circulation. During the first 12-24 hours after transplantation 
it is generally believed that there is an osmotic flow of plasma into the graft. 
Goldman! believed that the graft receives its first nourishment from this 
influx of leukocytes and lymph which he called “the plasmatic circulation.” 
Davis and Traut,? from their experiments, also concluded that there is a 
stage of plasmatic circulation which probably plays an important role in the 
survival of the transplant. The length of time this osmotic circulation operates 
is probably variable but there is evidence that it is the only means of nutri 
con for probably the first 24-48 hours. Davis and Traut state that the 
first new blood vessels are found in skin grafts between 48—60 hours after 
transfer. 

The early vascularization of a skin graft may be delayed or prevented 
by numerous factors. The graft may be too thick or of too great area for 
the vascularity of the bed in question. A full-thickness skin graft will rarely 
take on a granulating surface. Full-thickness grafts when applied to fresh 
surgical wounds have a higher percentage of take when the graft is from a 
thin skin area, such as the groin, inner surface of the upper arm, or eyelid. 
It is also well known that small full-thickness grafts have a higher percentage 
e square area since in the smaller graft the peripheral 


dS 


of take than those of larg 
circulation established is relatively of more importance. In general, the 
thinner and smaller the graft the higher percentage of success." 

The character of the bed is of great importance in free skin graft survival. 
High percentage of take cannot be expected on an avascular, fibrotic bed. A 
lower percentage of take is usual on a soft, yielding, irregular surface than 
on a smooth firm bed. 

If the thickness of the graft is not too great for the vascularity of the 
recipient bed, then the main problem in securing a take is the continuous 
maintenance of absolute contact of graft and bed so that early vascularization 
can take place. There are numerous untoward events which can prevent 
this complete continuous contact. The graft may slip off the recipient area. 
The graft may be lifted off the bed by bleeding. Infection may cause purulent 
exudate formation under the graft. On irregular surfaces the graft may be 
stretched across depressions, the bed may move unless adequately splinted. 

In the past, a high percentage of take has been obtained only by careful 
attention to many details. The thickness of the graft was selected for the 
particular area. The graft was fixed by suture or dressing so that it could 


not slip off the bed. Hemostasis was absolute. The graft was perforated to 


* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
450 





Volume 120 SKIN GRAFT FIXATION 


Number 4 

allow serum escape. Compression dressings were used to keep the graft 
firmly in contact with all irregularities of the bed. Joints were splinted to 
prevent motion of the bed and inlay forms used on parts where splinting 
was not possible. This method requires patience and time and any method 
which would secure as high a percentage of take and consume less time 
would be desirable. Any adjunct to the usual compression-fixation-suture 
technic of free graft application which would appreciably increase the per- 
centage of take would be welcomed. 

An attempt to glue free grafts to the bed by the artificial production of 
fibrin was first reported almost simultaneously by Tidrick and Warner* and 
by us.° Shortly afterwards, Cronkite, Lozner and Deaver® reported the 
same method. These reports were all favorable and differed only in their 
concept of the objective and in some lesser details. Tidrick and Warner 
used pooled plasma as the source of fibrinogen from which fibrin was formed 
Ly the addition of beef thrombin solution. We used the same method. 
Cronkite, Lozner, and Deaver added thrombin solution to a solution of 
fibrinogen from the fractionation of human plasma. 

Tidrick and Warner used fibrin fixation mainly as an adjunct to the 
usual compression dressing. They did state, however, that in a number of 
cases grafts had been applied, left entirely open, and protected from trauma 
by a wire cradle. Cronkite, Lozner and Deaver glued the grafts in place 
and then applied a pressure dressing. Both these reports consider graft 
fixation by fibrin as an adjunct to present methods. We originally reported 
skin graft fixation by plasma-thrombin adhesion as the sole method of fixa- 
tion without suture, compression dressings, or splinting. We have con- 
tinued to study the method on its merits alone. In this report we wish to 


summarize our experience to date. 


MATERIALS 

Thrombin was first prepared in 1933 by Mellanby.‘ He demonstrated 
some of its properties and among these noted that the time required to 
coagulate plasma is inversely proportional to the amount of thrombase used. 
Whatever the quantity used, practically all of the thrombase disappears as 
fibrin is formed. This is important since Lozner, et al.,8 showed that parenteral 
administration of thrombin is very toxic and results in generalized thrombosis. 
It is nontoxic when used in ordinary amounts as a hemostatic agent in 
wounds. Seegers,? and associates, showed that I cc. of a I per cent solution 
will clot 1 cc. of blood in two seconds. One part of purified dry powdered 
rabbit thrombin to 60,000 parts of a 0.25 per cent citrated blood results in 
coagulation in three seconds. Its use as a hemostatic in wounds has been 
11 


reported without untoward results.’ Thrombin is now prepared in 


quantity by some of the biologic firms for clinical investigation and thrombin 


from these sources was used.* It is supplied as a sterile powder in rubber- 


* Supplied us for investigational purposes by Parke, Davis & Company and by 


Upjohn Co. 
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stoppered ampoules. These ampoules contain different amounts of thrombin, 
varying with the manufacturer. The amount of active thrombin is measured 
in biologic units. The most commonly used is the “Iowa’’ unit. This unit 
is defined as that amount which will clot 1 cc. of standard fibrinogen solution 
in 15 seconds.’* Originally, sterile thrombin powder in ampoules containing 
10,000 Iowa units was supplied by one of the biologic firms (Parke, Davis & 
Co.) for investigation. This amount seemed greater than needed in most 
instances and at our suggestion it is now packaged by this firm in 5,000 unit 
containing ampoules. Thrombin has also been given us for trial by another 
firm (Upjohn) in ampoules containing about 600 Iowa units which is more 
nearly the amount needed for skin graft fixation. 

The entire 10,000 units of thrombin can be used by dissolving the contents 
of an ampoule in 10 cc. of saline. The ampoule is sterilized by immersion 
in antiseptic alcohol prior to operation. Thrombin solution of this concen- 
tration will clot ten times its volume of human blood in three seconds and 
is a highly effective hemostatic. We have found that it is preferable to use 
a weaker solution than this for skin graft fixation since with concentrated 
thrombin, fibrin is formed so quickly that adjustment of the graft has to be 
quite hurried. If 250 units of thrombin are dissolved in 10 cc. of saline, one 
part of the resulting thrombin solution when added to four parts of plasma 
in a test tube produces a fibrin clot in 35 seconds. We have divided under 
sterile conditions the thrombin supplied in ampoules into amounts containing 
250 units of activity. At first, we did this by dissolving the 10,000 units and 
then dividing it by volume.® However, this necessitated refrigeration of the 
solution and the potency of the solution decreased with time. We have 
found that it is simpler to divide the thrombin by weight and keep a number 
of small sterile vials containing 250 units on hand in the operating room. 
Following the packaging of thrombin in smaller amounts we have recently 
been using the entire contents of a 600 unit ampoule dissolved in Io cc. 
sterile saline with satisfactory results. 

We have not found it advisable to change our original way of having 
small amounts of plasma available at all times. We package 5 cc. of plasma 
in pyrex tubes sealed with rubber stoppers. These are kept frozen in the 
plasma bank so that a considerable number are always on hand. These 
small amounts of plasma are all that are ordinarily required in applying a 
graft of considerable size. More can be used if needed. The small con- 
tainers prevent waste and reduce cost. 

Although only autogenous skin grafts take permanently, it seemed to us 
that since pooled plasma is used parenterally without reaction, that there 
was no necessity of this material being autogenous. We have used pooled 
plasma from our bank as the source of fibrinogen and we have seen no reaction 
or adverse effects from its application to wounds. 


METHODS 
Any type of free graft may be applied. However, for the purposes of 
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this study we have confined ourselves entirely to split-thickness skin grafts 
to eliminate as far as possible the factor of differing percentages of take of 
varying thickness of skin. 

If the recipient bed is a fresh surgical wound, hemostasis is carefully 
curried out. In traumatic fresh wounds, dead and devitalized tissue is 
removed and the accepted principles of wound care followed. If the site 
to be grafted is a granulating area, it is prepared by frequent change of moist 
saline dressings. If infection is marked, azochloramid, Dakin’s solution or 
sulfafilm is used locally in preparing the area. The granulations are cut or 
scraped down to a firm base at operation prior to applying the grafts. 

The grafts are cut either free hand or with the dermatome. The bed to 
receive the graft is flushed with stock plasma. [Excess is avoided since the 
fluid portion remains after fibrin is formed. The grafts are not placed in 
saline or washed following their removal since this removes the small amount 
of natural adhesive agents present. (It has been noted before that grafts 
seem to adhere and take better if this detail is followed.)'* 

The under surface of the graft is wet with thrombin solution. The graft 
is quickly spread over the bed and then held firmly and smoothly in place 
for two minutes. This is an important detail since fibrin fixation takes some 
seconds to occur and following its formation the fluid remaining is extruded. 
The graft will ordinarily be securely stuck in two minutes. In this series no 
dressings have been applied to secure compression. In some instances a 
protective dressing has been used. Joints have at times been splinted and in 


other instances extremities merely suspended in a cradle. 


RESULTS 





We have performed 22 separate free split-thickness skin grafts using fibrin 
fixation, without pressure dressings or suture. In some instances splinting 
has been used because the age of the patient was such that cooperation could 
not be obtained, or as a means to protect the wound from the bed clothes. On 
extremities where the part could be suspended no dressing whatever has 
been used. On other parts merely a loose dry gauze for protection has been 
applied. The amount of skin transferred at one operation has varied from 
four square inches to 200 square inches. The majority of cases were wounds 
of considerable dimension usually exceeding 30 square inches. 

We have divided these cases into two groups for the purpose of study: 
(1) Those in which the recipient bed was fresh; and (2) grafts placed on 
granulating surfaces. This division has been made since the percentage of 
take normally expected on fresh wounds is higher than on granulation tissue. 

We have grafted 12 cases of the primary graft type. Of these, eight 
cases have been free grafts placed on fresh surgical beds as, for example, 
a skin graft following radical mastectomy. There was no loss in this group. 
In each case the graft took 100%. The four remaining cases in which the 
bed was fresh were traumatic contaminated wounds. In these the percentage 
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Fic. 1.—A. Split-thickness grafts applied to fresh surgical wound resulting from 
sarcoma. The surface was quite irregular. The cord like structure in the 
is the perineal nerve which was dissected out and stuck back to 


excision of 
The illustration shows mottled. appearance of graft 


lower portion of field 
the tissues with plasma-thrombin. 
48 hours after operation. 
B. One week later the grafts are fairly normal uniform color. A 
still remain. There has been a spotty small loss of about 5 per cent. 
C. One month after application of grafts. Completely healed. Skin normal 


appearance. 


few mottled areas 
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Fic. 2.—A. Immediate application of split graft to avulsion injury after cleansing 
and débridement. This view taken on third postoperative day shows uniform pinkness 
of graft. 

B. The result four weeks later. There was about a 20 per cent loss due to hema- 
toma formation under graft. 
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Fic. 3.—A. Granulating wound following excision ~-of carbuncle. 
B. Split-thickness grafts applied directly on the granulating bed took go per cent. 
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of take was 48%. The figure was lowered by the graft being totally lost in 
one instance. 

In the ten granulating wounds a 59% average take was estimated. In two 
instances a graft was lost completely. 

ComMENT.—It is possible that we have been too harsh in the criteria 
set-up for studying the efficiency of this method of skin graft fixation. We 


have used no sutures to hold the graft in place, no compressive dressing to 
prevent fluid accumulations under the graft, splints have been used in only 


A B 
contaminated burn wound on third post- 


Fic. 4.—A. Appearance of grafts applied t your 
is ivory-yellow and 


operative day. The mottled areas are pink The major portion 
bullous. 

B. There was a 95 per cent loss of 
infection and probably to movement at the elbow. 


the graft. Loss due to hemolytic streptococcus 


a few instances, nor have we periorated the grafts in all instances to allow 
escape of fluid accumulation. However, in order to judge the value of the 
luethod this seemed necessary. 

An opportunity was afforded for observing the progress of the grafts 
since they were constantly open to inspection. If the graft is taking, the 
first color changes are observed in about 48 hours (Fig. 1A). It may turn 
a uniform pink at this time indicating a complete take or become a mottled 
cyanotic color, in which case the color may progress to a uniform purplish- 
pink followed by the pinkness of complete vascularization or areas which 
are lost may remain a faint lemon-yellow. (Fig. 1B.) In all instances it 
lias been evident that the loss of graft has been due to the accumulation of 
fluid under it. Large bullous areas form which when opened are found in 

ost instances to contain purulent fluid. In some of these bullae a gelatinous 
clot of fibrin is found. In the few instances where perforations were made 


457 





FORREST YOUNG Annals of Surgery 
in the graft, bullae have also formed due to the fact that the perforations 
are immediately sealed by the fibrin (Fig. 4B). 

On fresh surgical beds the percentage of take of free skin grafts is 
ordinarily high and fixation by plasma-thrombin adhesion seems to afford 
an easy method of obtaining the usual high percentage of take. 

However, it is our definite impression that the loss of grafts is consider 
ably greater on infected wounds when applied by this method than when 
compression dressings are used. This applies to contaminated fresh wounds 
as well as to granulating beds. It is probable that infection is sealed under 
the graft, drainage is poor and the result is a purulent collection under the 
graft which prevents vascularization. 

It has also been evident that the greatest loss is at points of movement 
(Fig. 1C). The fixation of the graft is firm and of considerable strength 
within a few moments of application. The fibrin strands, however, do not 
have great strength and can be rather easily broken by movement. This 
could be prevented by splinting. 

Small size thin grafts, as we have previously mentioned, have a higher 
expectancy of take than large thick sheets. It has been particularly noted 
that large sheets of .o10” to .o12” thickness have a low percentage of take 
when applied on granulating surfaces: by this method. 

Tidrick and Warner reported a percentage take of 78% when using 
postage-size split-thickness grafts on granulating areas. This is higher than 
we have noted and is probably due to the smaller size of the graft since we 
have used large sheet grafts for the most part. This is further substantiated 
by the fact that they obtained 73% take with pinch grafts, for the most part 
applied on less favorable beds. 

It would seem to us that the efficacy of the method can not be judged at 
all when the grafts are first fixed by fibrin and a compression dressing then 
applied. It is probable that the mere application of the dressing would 


produce as high a percentage of take alone. It may, however, provide a 


convenient quick means of holding the grafts in place while the dressing is 
applied. 
SUMMARY 

The survival of free skin graft depends upon early vascularization. In 
order for this to occur the transplant must be held in complete continuous 
contact with the surface on which it is applied. 

Fixation of split-thickness grafts on either fresh surgical wounds or 
granulating beds can be accomplished by the precipitation of fibrin between 
the graft and the bed by adding thrombin to plasma. The rate of fibrin 
formation can be adjusted to any speed desired by increasing or decreasing 
the concentration of the thrombin solution. 

The percentage of take has been studied when split-thickness grafts were 
fixed on fresh and granulating beds by plasma-thrombin adhesion without 
suture, compression dressing or splinting. 
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The high, normally expected, take on fresh surgical beds is obtained. On 
anulating beds the percentage take is lower than normally expected. Large 


ae 
split-thickness sheets take poorly on granulating beds when fibrin fixation 
is used. Smaller thin grafts have about the average expectancy of take. 

We believe that the method is useful in (1) application of grafts on fresh 
surgical beds; (2) as a methed of holding grafts in position while compres- 


sion dressings are applied; and (3) as a means of applying small grafts, 


such as pinch grafts, where compression dressings are ordinarily not used. 
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Dr. Joun Sraice Davis, Baltimore, Md.: Before opening the discussion of Doctor 
Young’s very interesting paper, | should like to say that my own personal experience 
with accelerated fibrin fixation of skin grafts has been very limited. 

It has been known for a long time, that shortly after a skin graft is pressed down 
so that it is in close contact with its new bed, a fibrin network is formed, which seals 
the graft in place and later by contraction pulls the two raw surfaces into closer 
approximation. If this does not happen, the graft will fail. Within the last year, a 
method of accelerating the formation of this fibrin network for the purpose of quickly 
fixing the graft to its bed has been developed by Doctor Young, and others. 

\s Doctor Young has stressed, the most important single element in the success 
of skin grafts is accurate, complete contact and continuous fixation of graft to bed, so 
that the blood supply can enter the graft as soon as possible without interference. 
This, he has accomplished by the precipitation of fibrin between the graft and its bed 
by adding thrombin to plasma, thus hastening the formation of the fibrin network 
and rapidly fixing the graft. : 

Possibly the fibrin network ‘thus formed affords better nourishment for the graft, 
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and possibly the vascularization is quicker following the fixation of a graft with the 
thrombin-plasma mixture, but it must be borne in mind that the healing of skin 
grafts and other wounds takes place by a regular process, and that nature, unless 
hindered, moves with a fairly even speed, whatever help she may be given. 

Ordinarily skin grafts which are applied either with or without sutures and are 
immobilized with supporting dressings are seldom observed during the first 48 hours, but 
when they are observed, if the grafts have adhered and are going to take, they will 
usually have assumed a purplish-pink color, which is little if any different from the 
color, at the same period of time, of grafts which have been fixed, by the accelerated 
fibrin method. 

It would be an interesting study to check by injection experiments the speed of 
development of the blood supply to grafts fixed with thrombin-plasma as compared with 
its development in similar grafts, which have been applied accurately and immobilized with 
suitable sutures and dressings. 

It was not so long ago that sutures were not used at all in securing grafts of any 
type, but the grafts were carefully applied to the wound prepared for them and were 
pressed down so that every portion of the graft was in close contact with the fresh or 
granulating surface on which it was put and was so held until the normal fibrin 
adhesion took place. A dressing supporting the graft was carefully applied, and the part 
was immobilized to supply physiologic rest until the blood supply was assured. Then the 
use of a few marginal sutures was started, then many sutures in the margins and through 


the base, and now the swing is back to no sutures at all but with the addition of a 


fixing material. 

One of the most amazing things about the use of the thrombin-plasma fixation process 
is that the adhesion between graft and bed holds so closely and firmly that, even after 
a few minutes, there is said to be no necessity of supporting dressings of any kind 
even on lips and extremities, and that when dressings are used, it is principally for 
protection of the graft rather than for immobilizing purposes. 

Even at the risk of sacrificing a little speed in application, which is one of the 
advantages of the fixation method, my own feeling is that although the fixation method 
is used, it would be safer to supplement the security of the graft with some strategically 
placed sutures, and the whole be immobilized with a carefully applied supporting dressing, 
and that is what I have been doing. 

As I have said before, my experience with the controlled fibrin fixation method is 
very limited, and my results, and those of others whom I have happened to observe, 
have not been as startlingly good or the method as simple as is indicated by Doctor 
Young, and other investigators. This is probably due to faulty technic, and I have no 
doubt that with more experience, the procedure will be a useful one in our hands. 

The fixation method should be particularly helpful in applying either large or small 
grafts to uneven areas in which it is difficult to use sutures or to apply satisfactory im- 
mobilizing dressings. 

There is considerable difference of opinion as to the great advantage of the thrombin- 
plasma fixation method over the older methods. I feel however, that new methods of 
improving the technic of skin grafting, or any other surgical procedure, should be 
welcomed and tested out in suitable cases. Possibly too much has been claimed for the 
fixation method and results equally as good can be obtained by procedures which have 
long been employed, if these methods are used properly. It has been my observation 
over many years, that skin grafting, although a fairly simple process in the hands of 
those who know how ard when to use it, is more consistently bungled than almost any 
other surgical proced:.ce. It is to be hoped that the thrombin-plasma method will make 
for better general results. 

In closing, I should like to congratulate Doctor Young on his excellent paper. In 
it, he has simplited the thrombin-plasma method of fixing skin grafts, and has 


460 









mi 


gai 
ol 


Th 





Surgery 
r, 1943 
h the 

skin 


unless 


d are 
s, but 

will 
n the 
rated 


ed of 
with 
| with 


f any 
were 
sh or 
fibrin 
> part 
n the 
rough 
of a 


“OCceSS 
after 
kind 


y for 


f the 
ethod 
ically 


ssing, 


od 1s 
serve, 
octor 


e no 


small 
im- 


nbin- 
is of 
d be 
r the 
have 
ation 
1s of 
any 
nake 


In 


Volume 120 SKIN ‘GRAFT FIXATION 


Number 4 

presented his subject very clearly. There is unquestionably a wide field of usefulness in 
the procedure, and I expect to use it in suitable cases with a great deal of satisfaction. 
I wonder whether the method cannot be simplified even to a greater degree? 


Dr. Hircer P. Jenkins, Chicago, Ill.: There is just one point about the use of 
plasma in this fibrin fixation procedure which I would like to mention. The fibrinogen 
content of plasma which has been stored at room temperature for some period of time 
may be sufficiently lowered so that one may fail to get this excellent fibrin fixation which 


Doctor Young describes. The results obtained with plasma under such circumstances may 
not be satisfactory, and to overcome this difficulty I would advise the use of fresh plasma 


to obtain the best results. 


James Barrett Brown, Lt. Cor., M.C., A.U.S.: We are now in the midst of a 
very great amount of necessary skin grafting and anything that will make it easier 
will be gratefully received. 

It is interesting that this idea has been derived from observations in the use 
of tissue culture, and it seems evident that tissue culture investigations may produce 
many more things of importance in clinical surgery. 

As a matter of control we have used several different methods and materials in 
the fixation of skin grafts; chick-embryo extract; chicken plasma; a chemical com- 
pany’s product for coagulation; plain heat applied to the graft and the area; autogenous 
and homogenous cell extract and plasma; and just atmospheric pressure applied 
to the graft. 

Capt. Cannon and I wanted to know if the wounds themselves might not supply the 
elements necessary for sufficient fixation for these grafts. Slide shown with six different 
methods, including two depending on the wound content itself, with results the same in 
all grafts. All took and survived. 

Another slide was shown with nine different control methods used. The best 
method of fixation was not established, but it was thought that thrombin would perhaps 
prove best and easiest. 

Whenever a plastic surgeon can get out of sewing a graft in place, he usually does 
so, and has done so for many years. Now, in the Service, with difficult types of wounds 
and the extensive areas that have to be covered on extremities, we have carried on, 
with what we have always done, and have called it “snubbing” grafts in place. 

We take the grafts off, put them where we want them, and then use fine-mesh roller 
gauze around them to hold them where they belong. It seems that drying the surface 
of either the wound or the graft, or both, with an electric blower helps in the fixation. 
The roller gauze can be either wet or greased according to the type of dressing desired. 

Slide shown of huge open wound of lower leg with bones and joint exposed, full 
of all types of organisms, impossible to get clean. This leg was grafted to close the 
wounds, so that further definitive work on the bones could be carried out. Large 
pieces of graft (18 in. x 3 in.) were spread over the area and snubbed in place 
without sutures. 

Slide shown of a nurse who had all the skin burned off the right forearm and hand. 
This patient did not respond well to anything, and we were left with the problem of 
closing her wounds with skin grafts to get her healed. Her entire arm and hand was 
covered with thick split-grafts, snubbed in place with fine-mesh gauze and cotton 
mechanics waste pressure dressing. Slide shown of donor site on back completely healed. 

This is the type of patient that definitely requires a dressing, and it is possible 
that pressure has something to do with antisepsis in these wounds that have he 
for a long time. 

A phosphorus burn of the face was shown as another type o 
not respond to the local fixation of graft. In this patient the sc2 
about 2 cm. thick, with tremendous hemorrhage coming out of th” 
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elected to put on both eyelids in one operation because of the extensive amount of work 
that had to be done. We feel that fixation with fibrin or heat would be advantageous, 
but we could not risk letting this patient move around or move his eyes. In this 
instance the dressing itself maintains the size and position of defect by stay-sutures from 
side to side, anchored over a form of cotton mechanics waste accurately fitted into 
the defect. 

One of the advocates of the coagulum fixation of grafts suggested stringing the 
patient out to the four corners of the bed for five days. This method could never be 
used in an Army hospital, and few patients would like to be tied to a bed instead of 
having a dressing in place. 

Another type of patient that is important is the one with severe inanition that requires 
extensive grafting. Slide shown of a patient who had lost. over 100 pounds. He had 
open areas over the sacrum in two areas, both heels and one elbow were exposed. It 
was thought that one important reason this patient would recover was because of 


pressure dressings applied over split-grafts which had been snubbed in place. Slide 


was shown of dressings at time of first change with widespread B. pyocyaneus present. 
This is known not to be a bad infection for a wound, but is a bad one for a skin graft. 

Slide showed that B. pycocyaneus was everywhere on the dressing except where 
the graft was and it was felt that the use of the pressure dressing made the growth 
of this graft possible. There was practically 100 per cent growth of the skin graft 
in this heavily contaminated field. 

Grafts do not necessarily have to be sewed on, they may be snubbed in place with 
bandages, or they may be fixed in certain wounds with any of several different methods. 
On an active service, with multiple problems and different types of bases to graft, it is 
not thought that pressure dressings will be replaced. 





-Ous, 
this 
‘rom 
into 


the 
r be 
d of 


ures 
had 

It 

C of 
Slide 
sent. 
raft. 
here 
wth 
vraft 


with 
aT ds. 


it is 


THE INFLUENCE OF SULFONAMIDES ON 
POSTOPERATIVE COMPLICATIONS* 


JONATHAN E. Ruoaps, M.D. 
AND 
Cot. I. S. Ravprn, M.C., A. U. S. 


PHILADELPHIA, Pa. 


FROM SURGICAL SERVICE B, HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA, AND THE HARRISON DEPARTMENT 
OF SURGICAL RESEARCH, SCHOOLS OF MEDICINI UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 


SURGICAL MORTALITY may result from the failure of surgical methods 
to accomplish their designated purposes or from one of a number of non- 
surgical conditions which beset the surgical patient during his convalescence, 
such as postoperative bronchopneumonia, or urinary tract infections. 

The benefits of sulfonamide therapy have not been evaluated as fully in 
this group of disorders as in the management of the primary surgical infections 
such as cellulitis, and peritonitis. 

The importance of reducing the danger of these conditions lies not only 
in the lowering of the mortality among the patients now operated upon 
but also in making possible some extension of the indications for needed 
surgical procedures especially in the older-age groups. 

Chemotherapy may also result in certain shifts of emphasis in technic. 

In order to obtain a more quantitative conception of the influence of 
the sulfonamides we have reviewed the postoperative complications on 
Surgical Service B at the Hospital of the University of Pennsylvania for 
a period of three years prior to the time that the first of the sulfonamides 
became available to us and for a period of four years after most of these 
drugs had come into general use. The first period extended from July 1, 1933, 
to July 1, 1936, and the second from July 1, 1939, to July 1, 1943. 

It was not anticipated that the incidence of these complications would 
be lowered because the drugs were, in general, used therapeutically and not 
prophylactically. On the contrary, as we came to have better control over 
some complications a greater number of poor risks were accepted so that 
the incidence of some of the complications has risen. 

The pulmonary complications are presented in Table I. The most 
striking change is in the mortality of bronchopneumonia which declined from 
69 per cent to 9 per cent without a very marked change in incidence. 

The other complications had not carried much mortality previously, so 
that little improvement could be expected. Pulmonary embolism being a 
vascular rather than a respiratory complication has not been included. 

The wound complications, except for disruption, were seldom a cause 


of mortality. The mortality after disruption in the past has generally been 





* Read by title before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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high. An extensive review of the subject by Sokolov’ gives a figure of 32 
per cent for mortality. Eliason and McLaughlin*® reported 25 per cent 
from this hospital in 1934. It is of interest that only one of the disruptions 
of abdominal wounds in the sulfonamide period died. 

The other complications have been divided among infections of the 
urinary tract, the salivary glands, thrombophlebitis and miscellaneous infec- 
tions. In general, little mortality resulted in the first period from the urinary 
tract complications but they were often extremely prolonged and refractory 
to treatment before the sulfonamides were available. At present they seldom 
fail to respond promptly to chemotherapy and although they may recur they 
no longer constitute the problem which they did formerly. 
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Broncho- Lobar Pleural Upper Respiratory 
Year Atelectasis pneumonia* Pneumonia Effusion Tract Infection 
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1934-35..... ae o* : 2 ‘ 1 4 
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1933-36 Totals. 













1939-43 Totals. 11 1 19 2 1 1 4 ee 12 






* Bronchopneumonia mortality: 
(1933-39) Before sulfonamides were available—13 cases with 9 deaths—69 per cent. 
(1939-43) After sulfonamides were available—21 cases with 2 deaths— 9 per cent. 









Parotitis and similar infections in the other salivary glands were associated 
with a fairly high mortality in the past though experience in the cases reviewed 
is too limited to be of much interest statistically. However, we have gained 
considerable confidence in dealing with this complication and although some 
of the cases come to external drainage the danger of septicemia is probably 
reduced. It is hoped that penicillin will prove much more effective in this 
condition than have the sulfonamides. Some of these cases have been 
treated successfully by the roentgenotherapy department of this hospital. 

The causes of thrombophlebitis are still rather obscure and as most of 
the mortality resulting from it is due to embolism it is not likely to be 
reduced by the sulfonamides. Actually, the incidence of thrombophlebitis 
has increased sharply, being over four times as high in the second group as in 
the first. It is not clear from the available statistics whether this is related 
in any way to the use of sulfonamides or to other factors, such as more 
frequent recognition. The examination of patients for Homan’s sign only 
became routine during recent years. 
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In the miscellaneous group of postoperative complications of an infectious 
nature, the mortality has remained about 25 per cent. Otitis media and 
mastoiditis, which formerly occurred from time to time among children 
who were in the hospital for other operations, is no longer the problem 
that it used to be. No instance of mastoid involvement has been recorded 
in the sulfonamide period. 

It must be admitted that the free use of the sulfonamide drugs has intro- 
duced a new series of complications—the various drug reactions. Such 
reactions have been recorded 17 times in the four-year period reviewed, an 
incidence of 0.34 per cent of all cases on the service. None of these reactions 
resulted in death. The most common reactions were fever, which occurred 
eight times, and icterus, which occurred eight times. All of the patients 
developing icterus had received sulfanilamide. In none of the cases that 
received sulfadiazine alone was it recorded. Skin reactions were noted only 
twice, and agranulocytosis and severe anemias were not encountered. Cyan- 
osis, and mild to moderate anemia, following sulfanilamide occurred fre- 
quently and were not recorded as complications. They have occurred seldom 
if at all in cases treated with sulfadiazine. No instances of urinary shut 
down were encountered, but a careful control of urine output, microscopic 
hematuria and sulfadiazine blood levels were necessary to avoid this com- 
plication. 

Discussion.—A decided decrease in the mortality of patients with post- 
operative complications results not only in a saving of the lives of a certain 
number of persons undergoing esséntial operations but it also permits the 
benefits of surgery to be extended to certain patients presenting slightly 
less urgent indications. In the past, such patients have frequently been 
advised against operation for conditions which seriously interfere with their 
happiness. A concrete example of this is the elderly man with a hernia 
which cannot be satisfactorily supported by a truss. The major reason for 
refusing operation in certain of these patients has been the danger of fatal 
postoperative pulmonary complications. On account of this danger a number 
of such patients have had to live in a condition in which they were unable 
to do many of the things they enjoyed, sometimes with considerable dis- 
comfort. 

It will be chiefly in geriatrics and to a less extent in pediatrics, and in 
the very sick, that the influence of sulfonamides in reducing the contraindica- 
tions for surgery will be felt. 

Just as the selection of patients for operation is influenced by the 
possibilities of controlling infectious complications, so the choice of procedure 
in the operating room is affected. For instance, in our clinic gastro-intestinal 
anastomoses were formerly carried out with the aid of a three-bladed Eastman 
clamp. In recent years we have done more and more of these operations 


without the use of clamps at the site of anastomosis. There is more danger 


contamination by this method, but hemostasis is more secure and the 


465 











































RHOADS AND RAVDIN 


Annals of Surgery 
October, 1 





temporary ischemia of the tissue adjacent to the anastomosis is avoided. 
With the sulfonamides one has greater confidence that infection can be 
controlled if it should arise, and so it seems preferable to give up the clamp 
and avail one’s self of the advantage of the open method. 

In non-operative procedures, too, one finds the sulfonamides are having 
their influence. Formerly, patients were often subjected to considerable pain 
and hardship in an effort to avoid catheterization. Now if they do not respond 
to the usual methods of stimulating micturition we have less hesitancy in 
catheterizing them. Furthermore, if catheterization must be performed three 
or four times, the catheter is usually left indwelling. An earlier routine of 
daily irrigations of the bladder in those cases where indwelling catheters 
are used, no longer seems necessary and the time and inconvenience which this 
change saves is considerable. Small doses of sulfonamides by mouth seem 
to control infection better than the older irrigating solutions. 

There is a grave danger that a false sense of security will be gained 
from reliance on chemotherapy and that the sulfonamides will be used to 
cover slipshod technic. There should be no more serious error. There are 
many pathogenic bacteria which are not susceptible to the action of any of 
the sulfonamides and the aim must always be to reduce the hazards of 
surgery as far as it is possible to do so by all means and not merely to main 
tain a reasonably low mortality with a minimum of effort. 

In nearly every choice of procedure, however, there are several desirable 
objectives not all of which can be obtained in equal degree. Therefore, if 
an old technic sacrifices safety from hemorrhage for the sake of safety from 
peritonitis, a new agent which greatly reduces the danger from the infectious 
process quite logically leads one to the adoption of a new technic which pro- 
vides greater safety from hemorrhage even though it may permit slightly more 
contamination. There will be many technics preferred in the past, which 
may no longer be best when considered in conjunction with chemotherapy. 
Considerable time will of course be required to test the changes. 

Preliminary experience with penicillin makes it seem probable that this 
and perhaps other chemotherapeutic agents will permit still further advances. 


CONCLUSIONS 
The mortality of the postoperative complications of an infectious nature 
occurring on a general surgical service has been studied and a comparison 
made of the experience during the three years prior to the introduction of 
the sulfonamides with the experience during the four years following their 
general acceptance. 

The most important advance occurred in the treatment of postoperative 
bronchopneumonia, the gross mortality dropping from 69 per cent to 
9 per cent. 

It is pointed out that better control of postoperative complications not 
only permits some saving of life but also permits a broader selection of 
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patients, especially in the older-age groups, for certain operations which 
are definitely indicated but in which in the past the contraindications have 





slightly outweighed the indications. 
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CHRONIC CONSTRICTIVE PERICARDITIS: 
PARTIAL PERICARDIECTOMY AND EPICARDIOLYSIS 
IN TWENTY-FOUR CASES* 

Stuart W. Harrineton, M.D. 


Rocuester, Minn. 


CHRONIC CONSTRICTIVE PERICARDITIS is the term most generally accepted 
to designate an inflammatory lesion of the pericardium and epicardium in 
which fibrous adhesions often associated with deposits of calcium and 
occasionally pockets of encapsulated fluid form on and between these coverings 
of the heart and in which the inflammatory scar contracts around and onto 
the heart muscle to such a degree that it interferes with the normal diastolic 
and systolic functions of the heart and causes impairment of circulation. 

The circulatory failure produced by this condition develops slowly and 
insidiously. It is due primarily to progressive mechanical interference with 
the action of the heart and not to intrinsic cardiac disease, except in cases of 
long standing in which some associated myocardial atrophy and degeneration 
result from the constriction. The primary cardiac fault in this condition is 
physiologic due to the fact that the dense inflammatory scar encasing the heart 
muscle prevents the heart from attaining its normal diastolic volume and 
thereby causes increased intraventricular tension which results in an inflow 
stasis. 

It is generally accepted that ventricular output is proportional to diastolic 
filling. In constrictive pericarditis diastolic filling is less than normal and 
decreased stroke volume and minute output of the heart result. It is probable 
that other factors may contribute to the decreased ventricular output to a less 
but significant degree. One of these factors may be interference with the 
systolic contraction of the ventricle. This interference is attributable not 
only to fixation of the scar to the myocardium but also to a progressing degree 
of myocardial atrophy and degeneration from the limited action as well as 
from the original infectious process. 

The primary infectious process which causes constrictive pericarditis may 
not be and often is not associated with acute symptoms which indicate that 
the pericardium has been involved. A considerable interval may intervene 
between the time of recovery of the patient from the primary acute infectious 
disease which may have been some pulmonary infection and the occurrence 
of symptoms indicating that the pericardium has been involved in the infection. 


ETIOLOGY 


The etiology of this condition is of considerable interest and importance 
and there is some difference of opinion concerning the type of infecting 








* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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organism. Every effort was made to determine the causative agent in the 
series of 24 cases on which this paper is based. The clinical history of 
previous infectious diseases and present clinical examinations were con 
sidered carefully for etiologic factors and also microscopic examinations 
and cultures were made of the tissue removed at operation in all cases. 
[his study definitely proved that the etiologic agent in five cases (21 per 
cent) was tuberculosis. This type of infection, therefore, should always be 
considered as a possible cause of the disease. 

In 19 (79 per cent) of the cases the type of primary infection was unknown. 
Kight of these 19 patients gave a history of one or more previous attacks 
of some pulmonary infection, such as pneumonia or influenza. One gave a 
history of mumps two weeks preceding the onset of symptoms and one, a 
history of scarlet fever seven years prior to examination at the Mayo 
Clinic. Nine did not give a history of any infectious process to which the 
condition could be attributed. Of the patients who gave a history of 
previous infectious process, only one presented any indication that the 


pericardium had been involved at the time of the infection. This patient 


gave a history of pneumonia at the onset of his illness during which peri- 
cardial paracentesis was done, with negative findings. 

I do not believe it possible, or advisable, to attempt to draw any definite 
conclusions as to the cause of the disease from this relatively small group 
of cases but it is of interest to note that in only one of the cases was there 
a previous history of rheumatic fever and in this instance the pathologic 
study of the tissue removed at operation revealed that tuberculosis was the 
etiologic agent. 

Those cases in which the etiologic factor cannot be determined are of 
particular clinical importance as there is a greater possibility of error in 


diagnosis when the etiology is obscure. 


CLINICAL FEATURES AND DIAGNOSIS 

The two most common conditions with which constrictive pericarditis is 
most likely to be confused clinically, are cirrhosis of the liver and congestive 
heart failure owing to intrinsic cardiac disease. In most instances, however, 
the subjective symptoms of constrictive pericarditis are sufficiently charac- 
teristic that, when they are correlated with the physical and laboratory findings, 
a definite diagnosis can be established. 

Development of factors which produce the clinical syndrome of con- 
strictive pericarditis is slow but progressive. The amount of blood entering 
the heart and being pumped into the circulation by the heart per beat and 
per minute gradually decreases. This decrease results in low blood and 
pulse pressure, faint heart sounds, tachycardia, paradoxical pulse and auricular 
fibrillation. The back pressure on the venous circulation results in high 
venous pressure, dilatation of veins, enlargement of the liver and transudation 
of fluid into the tissues of the body, particularly into the abdomen and pleural 
cavities, as well as into the tissues of the extremities and face. 
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The number and severity of subjective symptoms increase progressively 
with the course of the disease ; the earliest symptoms are general weakness and 
fatigue. Dyspnea is noted on exertion and usually is relieved by rest, par 
ticularly by lying down. Orthopnea is experienced rarely. Digestive dis 
turbances, such as anorexia, epigastric distress and fullness in the abdomen 
after meals, usually are not noticed until after the liver is enlarged con- 
siderably and probably can be attributed to hepatic damage, for these symp- 
toms seem to be more severe in cases in which the tests of hepatic function 
reveal a considerable degree of retention of dye. Swelling of the abdomen 
does not occur early in the course of the disease; however, it may be one 
of the first symptoms noticed by the patient. When ascites develops, it usually 
becomes progressively more extensive. Edema of the extremities which may 
extend to the face and neck usually does not occur until after ascites has been 
present for some time. When venous congestion has advanced to this degree, 
the entire venous system usually is dilated markedly. This dilatation is 
particularly noticeable in the veins of the cervical region. The effects of this 
condition cause increasing disability which gradually becomes total disability 
unless surgical relief is obtained. 

The laboratory findings in chronic constrictive pericarditis give valuable 
aid in establishing a definite diagnosis. The venous pressure is elevated above 
normal. The circulation time of the blood is increased. The tests of hepatic 
function indicate a varying degree of hepatic damage which depends to some 
extent on the duration of the disease. In the series of 24 cases reported in 
this paper, bromsulfalein tests of hepatic function revealed some degree of 
retention of dye in all cases. In two cases retention of dye was Grade 1 
(on a grading basis of I to 4), in 17, Grade 2, in four, Grade 3, and in one 
case Grade 4. 

Roentgenologic studies of the heart in cases of constrictive pericarditis 
usually reveal it to be normal or smaller than normal, occasionally slightly 
enlarged but never markedly enlarged or segmentally dilated as in congestive 
heart failure from intrinsic cardiac disease and hypertensive heart disease. 
The presence of calcareous plaques in the pericardium is noted frequently. 
This is always suggestive of the possibility of a constricting pericardium but 


calcium does occur in the pericardium without other findings of constrictive 


pericarditis. I have had under observation two patients who have calcification 


cf the pericardium, for one and two years, respectively. The venous pressure 
and circulation time of the blood in these two cases were normal. In the usual 
case of constrictive pericarditis roentgenoscopic examination reveals diminu- 
tion of cardiac pulsations. 

The electrocardiographic findings, although not pathognomonic, are sug- 
gestive. Ina previous paper published in 1940, Barnes and I’ made the fol- 
lowing statement on electrocardiographic findings: ‘The electrocardiographic 
pattern which is most diagnostic is one in which the QRS complexes are 
of low voltage (below 5 Mm.) and T waves are negative in all the standard 
leads. If the ORS voltage is low in only one lead that will usually be 
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observed in lead I. The T waves in the standard leads may be of low voltage 
though upright, they may be iso-electric or may be inverted in only two 
leads. The Wolferth precordial lead is characterized by an exaggerated O 
wave at the expense of an R wave of diminished amplitude. Similarly the 
R wave in leads IV R and IV F is disproportionately large as compared 
to the S wave. The T wave in the Wolferth precordial lead is upright in more 
than half the cases and it frequently arises from an R—T segment that is 
slightly elevated. The T wave in lead IV R is negative in about half the 
cases and it arises frequently from an S—T segment that is slightly depressed. 
The electrocardiograms change very little after operation in the cases in 
which the operation is not successful in relieving inflow stasis. In cases in 
which inflow stasis is relieved by operation the electrocardiogram tends 
to return to normal after operation though some trace of the original 
electrocardiographic abnormalities may persist for a long time in spite 
of the fact that normal cardiac function has been restored.” The most 
important clinical features in my series of 24 cases are shown in Table I. These 
widicate that the most important clinical manifestations of constrictive peri- 
carditis are increased venous pressure, increased circulation time, enlargement 
of the liver with impaired function, ascites, faint heart sound and diminished 
torce of pulsations, low blood and pulse pressure and the heart of normal 
size or not appreciably enlarged. 

Inasmuch as chronic constrictive pericarditis is essentially a mechanical 
condition interfering with the function of the heart, it can only be relieved 
by surgical removal of this fibrous encasement of the heart muscle., 

It is important that the diagnosis be made early and operative treatment 
instituted as soon as the diagnosis is established because the longer surgical 
intervention is delayed the more extensive the myocardial degeneration 
will become and the more destructive the effects of the disease will become 
on other body tissues, especially the liver. The greater the degree of 
niyocardial atrophy and degeneration the greater the hazard of operation 


and the less satisfactory the ultimate operative results. 


SURGICAL TREATMENT 

My experience in the surgical treatment of constrictive pericarditis 
consists of this series of 24 cases in which partial pericardiectomy and epi- 
cardiectomy with epicardiolysis were performed. I have used the term “epi- 
cardiolysis” to designate the separation of the innermost layer of the peri- 
cardium from the heart muscle. This procedure is used in addition to resecting 
a portion of pericardium and epicardium. Epicardiolysis is an important anc 


| 
essential part of the operative procedure. Nine of these cases were reported 


by Barnes and me in 1940. 

Preoperative Treatment—The preoperative preparation of patients who 
have been selected for surgical treatment is directed at removing the effects 
of the circulatory failure owing to the constriction of the heart and at 
improving the function of the structures involved. 
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The intake of fluid should be limited to from 1,200 to 1,500 cc. in 24 hours. 
2atients should receive a diet high in protein and low in salt. Daily administra 
tion of vitamins may be of value in improving the general resistance of the 
patient. When tests of liver function indicate considerable damage, vitamin 
B-complex and glucose administered intravenously, or by mouth, may be 
helpful in improving the function of the liver. 

The body cavities and tissues should be relieved of as much excess fluid 
as possible. When large amounts of fluid are present in the abdominal 
and pleural cavities, the fluid should be removed by aspiration and periodic 
use of diuretics should be utilized to relieve edema of the tissue and keep it 
at a minimum. 

The value of preoperative administration of digitalis is questionable. In 
the first cases digitalis was given before operation but its use before operation 
did not produce appreciably satisfactory results and has been discontinued 
except in some cases of auricular fibrillation. I prefer not to have the patient 
receive digitalis before operation unless its use is definitely indicated because 
its stimulating effect on the heart muscle may result in a false impression of 
the ability of the heart to withstand the surgical procedure. I believe that if 
digitalis is not used preoperatively, a better evaluation can be obtained of the 
amount of irritation the heart muscle can safely withstand during the 
operative procedure. 

The level of blood urea, plasma chlorides and serum protein and _ the 
carbon dioxide combining power of plasma are determined routinely befor 
operation to see that they are within normal limits as well as to have a control 
for the postoperative determinations. The type of the patient’s blood is 
determined and blood of similar type is held available for intravenous adminis 
tration at the time of operation if it should become necessary to utilize it 
because of loss of blood or severe decrease in blood pressure. Blood or 
other fluids, however, should not be administered intravenously during 
operation unless their use is indicated specifically. 

Preliminary Medication.—Preliminary medication is begun the night before 
operation and consists of 1.5 grains (0.1 Gm.) of pentobarbital sodium taken 
orally. Two hours before the time of operation another dose of 1.5 grains 
(0.1 Gm.) of pentobarbital sodium is administered by mouth. This dose 
often is repeated an hour before operation. Thirty to 45 minutes before the 
time of operation 4% grain (0.01 Gm.) of morphine sulfate and 459 grain 
(0.00043 Gm.) of atropine sulfate are administered hypodermically. Morphine 
should be used with caution and in sufficiently small amounts so that it will 
not interfere with respiratory function. Amounts vary with the age and 
condition of the patient. I believe that it is advisable to omit its use for 
children less than 15 years of age. 

Anesthesia.—General anesthesia is advisable *because the operation ma 
require considerable time. This time factor is tiring for the patient and 


general anesthesia were not employed, the nervous strain would be increased 


considerably and would interfere with cardiac function. Furthermore, 
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respiratory difficulties arise, it is advisable to have the patient under complete 
control. The anesthetic agent is administered by means of a positive 
pressure apparatus. In my early cases this administration was effected through 
a closed mask but I now use an intratracheal tube routinely. This change 
was not effected because of any serious trouble with a closed mask but | 
feel that the equation of safety is greater if the intratracheal tube is used. 
It may be, and probably is, unnecessary in some cases, but I do not believe 
that its routine use produces any harmful effects and if its use becomes 
urgent, it may be difficult to introduce the tube and serious consequences 
niay result before it can be introduced. Use of the intratracheal tube makes 
it possible to maintain adequate oxygenation at all times and under all 
circumstances because it insures an adequate air-way and mucus or secretions 
can be easily aspirated through the tube. It is also an added protection 
against respiratory dysfunction arising from collapse of the lung if the pleura 
should be inadvertently opened on one or both sides. 


| prefer cyclopropane as the anesthetic agent. In my earlier cases cyclo- 
propane was used routinely. At present I use cyclopropane in combination 
vith ether. The reason for this modification has been to lessen the occurrence 
cf cardiac arrhythmia which may be associated with cyclopropane anesthesia. 
Operative Procedure.—The patient is placed in a straight dorsal position, 


1 ‘the operating table. 

A U-shaped skin incision is made to approach the pericardium extrapleurally 
through the left anterior portion of the thoracic wall. This incision begins at 
about the anterior axillary line at the level of the sixth rib; it extends across 
the thorax to the sternum; the apex of the curve is in the midportion of the 
sternum and the upper end of the incision extends as high as the third rib 
on the anterior axillary line. 

The pectoralis major muscle is dissected and is reflected with the skin 
flap. The costal cartilages of the sixth, fifth, fourth and in some instances 
of the third ribs on the left side are resected subchondrally and subperiosteally 
from the sternum together with 3 cm. of the corresponding ribs. An inter- 
costal muscle flap is then cut from the left border of the sternum and the 
intercostal vessels are cut and ligated. The internal mammary vessels are 
ligated in the upper and lower limits of the wound in the thoracic wall, 
usually beneath the perichondrium of the third and sixth costal cartilages. 
After the muscle flap is mobilized, any existing pericardial attachments to 
the sternum are separated and a portion of the left half of the sternum is 
resected with the rongeur. In some instances it is not necessary to remove 
any of the sternum beyond the detachments of the cartilages. 

The left pleura may be dissected from the pericardium at this time. 
The pleura, however, is often adherent, particularly when the pericardium is 
calcified, and openings may be made inadvertently into the pleura during its 
separation. Any openings, thus occurring in the pleura, are immediately 
closed with catgut. In cases in which only a little pericardial space is free 

pleural attachments and in which the pleura is thin and adherent to the 
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outer wall of the pericardium, it is not advisable to make a wide separation 
oi the pleura from the pericardium until after dissection of the pericardium 
from the myocardium has been made because of the danger of opening the 


pleural cavity at this early stage of the operative procedure. Inadvertent 


e 
opening of the pleural cavity at this time, however, may result in pulmonary 


Calcified 


pericar ° 


Fic. 1.—Sharp dissection of the constricting epicardium (epicardiolysis) and _ peri- 
cardium from the myocardium. Bone cutters were required for resection of the scar 
because of the thickness of the calcification. Left Inset: U-shaped precordial incision. 
Right Inset: Approach to the pericardium through the wall of the thorax. Resection of 
the cartilages and 2 cm. of the third, fourth, fifth and sixth ribs on the left side (resec- 
tion proximal half of sternum). 

collapse and respiratory difficulty which may interfere seriously with the 
patient’s progress throughout the rest of the operation. Usually sufficient 
exposure of the heart can be obtained to complete the dissection of the adherent 
pericardium from the myocardium without separating the attachment of the 
left pleura to the pericardium until resection of the pericardium is about 


tc be performed. 
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The initial incision into the pericardium is important. An attempt is made 
to make the incision in a region which is removed from the underlying 
coronary vessels. The site usually selected is close to the sternum or well 
over the left ventricle in order to avoid injury to the anterior descending 
portions of the left coronary vessels. The site of election depends to some 
extent on the type of scar and accessibility of the myocardium. Great care 
should be exercised to ascertain the actual point of fusion of the pericardial 
scar and the myocardium before removal of the epicardium is_ started. 
The separation of the epicardium from the myocardium is very important 
and is done in addition to the resection of a portion of the epicardium 
and pericardium and extends over a much wider area of heart muscle than 
the area from which the scar is resected (Fig. 1). The site of fusion of the 
epicardium and myocardium often varies greatly, particularly when deposits 
oi calcium are present. In some instances the calcified tissue may extend 
iito the heart muscle and great care is required in removal to avoid serious 
jury to the heart muscle. During removal of this scar the deposits of 
calcium should be left attached to the reflected pericardium. In some regions, 


particularly around the deposits of calcium, the fusion plane is not uniform 


and the dissection must be carried around the deposit in slightly different 
planes before it can be removed by sharp dissection. When the calcium invades 
the heart muscle, no attempt should be made to remove it as the tissue involved 
may extend entirely through the heart muscle. In instances in which the 
scar tissue has extended into the heart muscle, small segments of scar 
should be left attached to the myocardium because of the risk of damaging 
the muscle or the coronary vessels in their removal. As mentioned pre- 
viously, in many instances the scar presents irregular lines of cleavage. It 
often extends into the myocardium at different levels. In these instances 
it is best not to follow one line of cleavage to the point of injury to the 
myocardium but to shift into another line of cleavage and then separate the 
intervening bands to avoid myocardial injury. 

An attempt is always made to free the left ventricle first because better 
function of this chamber of the heart should be established to provide better 
disposal of the blood before freeing the right side of the heart. In many 
instances, however, I have separated the greater portion of the right ventricle 
first without harmful effects. 

Opinions differ concerning the amount of pericardial scar that it is 
necessary to remove as well as concerning the amount of scar to be separated 
irom the heart muscle and from the orifice of the inferior vena cava. I believe 
it is advisable to separate as much of the pericardial scar as possible from 
the ventricles, the right auricle and orifice of the inferior vena cava and it is 
of particular importance to separate the attachment of the right ventricle to 
the diaphragm. It is of equal importance to separate the apex of the heart 
aud I believe that this should be done early in the operation if possible. Sepa- 
ration of the heart muscle from its fixed attachments to the diaphragm is one 
of the most important considerations in reestablishing the action of the 
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heart. Improvement in the function of the heart often is noted immediately 
after the apex and right ventricle have been separated from their fixed 
attachment to the diaphragm. 

After the scar has been separated from the heart muscle, the amount of 
pericardium to be resected depends on the character of the scar and the 
position and type of fixation of the pleural attachments to the outer wall of 


Constrictin« 
pericardium 


epicardium 





Fic. 2.—Resection of, and marginal incisions in, the pericardium and epicardium 
after separation from the myocardium. IJnset a: Beginning resection of the pericardial 
scar from the anterior and larger surface of the myocardium. b and Inset c: After 
resection of the pericardial scar, multiple incisions are made into the cut margin of the 
remaining epicardium and pericardium in order to release the heart more fully, par- 
ticularly at the apex. 


the pericardium. I believe it is advisable to resect as much of the anterior 
portion of the pericardium as possible without injuring the pleura. By careful 
dissection the pleural attachments to the pericardium can be separated to 
approximately the position of the left phrenic nerve and the entire anterior 
portion of the thickened pericardium extending beneath the sternum is 
resected. If the attachments of the pleura extend high on the pericardium as 
they often do when calcium is present, it may be impossible to resect an 
adequate amount of pericardium without injuring the pleura. In these 
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cases linear incisions into the remaining cut edges of the pericardium will 
produce a much wider opening of the pericardium (Fig. 2). 

The importance of separating and removing sufficient scar to release the 
heart cannot be overestimated because, if an adequate amount is not 
removed, cardiac action will continue to be impaired. This not only will 
eliminate the possibility of ultimate recovery from the disease but will 
interfere with the immediate recovery from the operation. 

In the course of removal of the pericardial tissue the pulse rate often 
becomes rapid and irregular owing to the external stimulus to the heart muscle. 
When the pulse becomes irregular, it is important to cease the operation 
temporarily. The utilization of frequent rest periods and applications of 
sponges moistened with warm physiologic solution of sodium chloride will 
permit the heart to regain or at least partially regain its former rhythm. 

The upper half of the wound down to the bed of the cartilage of the 
fifth rib is closed in two layers. Above the cartilage of the fifth rib the 
intercostal muscles are sutured to the sternum. The perichondrium of the 
cartilages of the fifth and sixth ribs is excised completely. From the cartilage 
of the fifth rib to the lower angle of the wound the subcutaneous tissue and 
skin only are closed over the heart. Soft rubber tissue drains are placed 
iin the lowermost angle of the wound between the heart and the diaphragm. 


These drains permit the immediate removal of the serous exudate from the 


precordial space. The drains are removed from 36 to 48 hours after 
operation. 

A varying amount of serous exudate always follows removal of the 
adhesions, even though great care is taken to prevent trauma to the tissues 
as well as to attain accurate hemostasis. If this fluid is permitted to accumulate 
in the precordial space, it may interfere with the function of the heart which 
is already laboring under increased stress from the operation. If it is not 
permitted to drain externally, the fluid may rupture into the pleural space 
and interfere with respiratory function. When granular deposits of calcium 
are scattered throughout the pericardium, it is particularly advisable not to 
have this material drain into the pleural cavity because of the risk of pleural 


irritation and empyema. 


POSTOPERATIVE CARE 

Immediately after operation all patients are placed in an oxygen tent. The 
time during which administration of oxygen is continued depends on their 
progress, This is one of the most important aspects of postoperative treat- 
ment, for the oxygen not only prevents cyanosis but aids in relieving stress 
on the heart. Other postoperative measures are directed toward removal 
of body fluids and aiding the function of the heart and liver. These measures 
are similar tc those utilized preoperatively for similar purposes. Limitation 
of the intake of fluid is important; from 1,200 to 1,500 cc. of fluid is admin- 
istered in 24 hours by proctoclysis or by mouth as soon as nausea subsides. 
The intravenous administration of fluids is avoided if possible. In instances 
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in which the urinary output is reduced, 10 to 20 per cent solution of glucose 
may be administered intravenously. This not only aids the urinary output 
but may benefit the function of the liver. Vitamin B also is given. 


TABLE I 
CLINICAL DATA IN TWENTY-FOUR CASES OF CONSTRICTIVE PERICARDITIS 


Duration of Symptoms: 3 months to 15 years 
Sex Patients Age of Patients, Yrs. 


EE eee ee : 1-19... 
Females 20-29 
30-39... 
Total Sie Waele nce wthe 24 40-49 
Clinical Features 

Ascites , cae hae See f 19 Increased venous pressure... 
Edema of legs fe» St 16 (190 to 360 Mm. of water 
re ere: ea ae eee Increased circulation time. 
Pleural effusion... caus 7 (highest 90 sec. with decholin 
Dyspnea ‘ haa ean wea Low blood and pulse pressure 
Orthopnea ee : . Diminished pulsations 
Cyanosis eek eeu 3 Auricular fibrillation 
Weakness : , ; , Enlarged liver (dye retention 
Dilated veins in neck ‘ a Heart small or normal... 
Gastric distress cae eer , i Ileart slightly enlarged 


TABLE II 


NINE CASES OF CHRONIC CONSTRICTIVE PERICARDITIS IN WHICH CURE RESULTED FROM PERICARDIECTOMY 
Venous 
Age, Duration Pressure, Fibrous Results and 
Yrs. and a Mm. of Etiology Ad- Time after 
Case Sex Symptoms Ascites Water Previous Infections) hesions Operation 
1 M 8 yrs. 8 mos. 310 Unknown x Cured, 6 yrs. 
(pneumonia, 15 yrs. ago) Calcium 
9 yrs. 5 yrs. 260 Unknown x Cured, 5 yrs 
(influenza, 11 yrs. ago) Calcium 10 mos. 
1 yr. 0 3: Unknown x Cured, 5 yrs. 
(none) Calcium 1 mo. 
10 mos. 10 mos. Tuberculosis x Cured, 3 yrs. 
9 mos. 
4 mos. 4 mos. Unknown x Cured, 2 yrs. 
(none) Calcium 10 mos. 
6 mos. 6 mos. 28 Unknown x Cured, 2 yrs. 
(empyema, 7 yrs. ago) Calcium 10 mos. 
.5 yrs. 23 Unknown x Cured, 1 yr. 
(none) 10 mos. 
2 yrs. 315 Unknown x Cured, 1 yr. 
(none) Calcium 7 mos. 
2 wks. Unknown x Cured, 2 yrs. 
(influenza, 1 yr. ago) Calcium 10 mos. 
Died: Auto accident 


RESULTS FOLLOWING OPERATION IN TWENTY-FOUR CASES 


The rapidity and completeness with which recovery occurs after opera- 
tion for constrictive pericarditis depends on many factors, the most important 
of which are the amount of myocardial atrophy and degeneration, the amount 
of hepatic damage, and the thoroughness with which the constricting scar 
has been removed from the impaired heart. Improvement may be noticed 


soon after the operation but it proceeds slowly and progressively. Ultimate 
478 





f Surgery 
er, 1944 


rlucose 
output 


Patients 


s and 
after 
ation 


accident 


pera- 
yrtant 
10unt 

scar 
ticed 
imate 


Volume 120 CHRONIC CONSTRICTIVE PERICARDITIS 


Number 4 

complete recovery may not occur for many months. This is somewhat depend- 

ent on the duration of the disease before operation. One patient (Case 1) 

did not obtain complete recovery for nearly two years following the operation. 
Of the 24 patients operated upon, 18 recovered from the operation and 

six died in the hospital following operation. The operative mortality was 


25 per cent. 
Tables II, III and IV give some of the clinical data and the results of 
operation in this series of 24 cases. This series includes nine cases (Cases 


15, 16, 19, 21 and 22) which were reported in 1940. 


TABLE III 
NE CASES OF CHRONIC CONSTRICTIVE PERICARDITIS IN WHICH IMPROVEMENT RESULTED FROM PERICARDIECTOMY 
Venous 
Duration Pressure, Fibrous 
“~ Mm. of etiology Ad- Results, Time 
Symptoms Ascites ter evious Infection hesions after Operation 
2.39%. 2 yrs. 22 nknow! x Marked improve- 
ment, 2 yrs. 
Marked improve- 
ment, 1 yr..11 mos. 
Tuberculosis c Moderate improve- 
ment, 1 yr., 1 mo. 
Unknown Progressing im- 
none) Calcium provement, 5 mos. 
Unknown Encap. Progressing im- 
(influenza, 1 yr. ago) fluid; provement, 3 mos. 
calcium 
Unknown x Improvement (2 
5 yrs. ago) Calcium operations), 6 yrs. 
6 mos. 
Improved, 2 yrs. 
3 mos. Later died 
of tuberculous per- 
itonitis 
mos. 4 mos. nknown x Improved, 7 mos. 
ver, 7 yrs. ago) Calcium Later died of 
pneumonia 
mos. 3 mos. 350 Unknown Encap. Improved, 2 yrs. 
influenza, 1 yr. ago) fluid 1 mo. Later died of 
progressive cardi- 
ac failure 


* Pneumonia at onset of illness; pericardial paracentesis gave negative results. 


Tables II and III give the data on the 18 patients who recovered from 
operation and include data on four patients who have died subsequently. Table 
LV gives the data on six patients who died in the hospital following the 
operation, 

Of the 18 patients who recovered from operation, nine (Cases I, 2, 3, 4, 5, 6, 
7,8 and 9g) were cured. By cured, or cure, I mean that they have been able 
to resume their normal activities with reasonable restrictions. Operation 
was performed in these nine cases from one year and seven months to 
six years before this study was made (Table II). One of these patients 
(Case 9) has died since operation from another cause. After making an 
excellent recovery and being able to resume his work as a farmer, he was 
killed in an automobile accident two years and ten months following the 
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operation. The result in one of these cases (Case 4) was especially gratifying 
as the etiologic agent in this case was tuberculosis. This diagnosis was proved 
by microscopic examination of the pericardium removed at operation. This 
patient is able to carry on his usual activities, and it is now three years and 
nine months after the operation. Of the five patients who had tuberculosis 
(Cases 4, 12, 16, 19 and 20), this is the only patient who obtained a result 


TABLE IV 
DEATHS FOLLOWING PERICARDIECTOMY FOR CHRONIC CONSTRICTIVE PERICARDITIS 


Age, Duration Etiology Constricting 
Yrs. and of Previous Lesion of 
Sex Symptoms Infections Pericardium Results 


27 M 1.5 yrs. Tuberculosis* Fibrous Died 29th day; left tuberculous em- 
effusion, pyema; multiple pulmonary infarcts. 
(subacute 
Tuberculosis Fibrous Died 13th day; left tuberculous empyema 
with bronchopneumonia and pulmonary 
tuberculosis; cardiac failure. 
Unknown Fibrous ane Died 4th day; cardiac failure; myocardial 
(none) calcium degeneration; liver damage; (previous 
Talma-Morison operation). 
4 mos. Unknown Fibrous Died 3rd day; cardiac failure; broncho- 
none) calcium pneumonia; myocardial degeneration; 
calcium through wall of ventricle. 


Unknown Fibrous an Died 3rd day; multiple bilateral pul- 


mumps, 2 yrs calcium monary embolism. 


before onset 
Unknown Fibrous Died at operation; cardiac failure. 
\none) 


* Previous history of rheumatic fever. 


tiiat could be considered as a cure. In Case 12 the improvement was moderate 
and in Case 16 the patient died two years and three months after operation 
from tuberculous peritonitis. The remaining two patients (Cases 19 and 20) 
died in the hospital after the operation. 

Of the remaining nine patients who recovered from operation (Table III), 
two patients (Cases 10 and 11) have shown marked improvement two years 
and one year and eleven months, respectively, following operation. One of 
these patients had received treatment for cirrhosis of the liver for two years. 
Neither of these two patients has been examined in the past nine months 
and, although I believe from recent letters of inquiry that they are approxi- 
niately cured for they are both back to slightly restricted former work, I have 
placed them in the markedly improved group until further examination. In 
Case 12 a subacute type of tuberculosis with fibrous adhesions and considerable 
niyocardial damage was present. The patient has been moderately active but 
is unable to follow any regular occupation one year and one month after 
operation. His condition is not more than moderately improved and I believe 
it is questionable whether it will greatly improve in the future. In Cases 
13 and 14 sufficient time has not elapsed since the operation to determine the 
end-result. At present, three and five months aftér operation, these patients 
are showing progressive improvement and I believe from their present 


progress that the ultimate result will approximate a cure. 
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In Case 15, the disease was of long standing and there was a marked 
degree of myocardial and hepatic damage. This is the only patient in my 
series who has had two operative procedures. It is now six years and six 
months from the first operation and five years following the second operation, 
and his condition cannot be considered more than improved. While he is now 
able to carry on moderate activities, he continues to have a moderate degree 
oi ascites. After this length of time, I do not believe his condition will ever 
improve to approximate a cure. 

The remaining three patients (Cases 16, 17 and 18) made satisfactory 
recoveries from the operation but have died subsequently, two from con- 
tinuation of the disease and one from other causes. In Case 16, the etiologic 
agent was tuberculosis. The patient made a moderate improvement follow- 
ing the operation for a period of two years and then his condition gradually 
declined and he died of tuberculous peritonitis two years and three months 
following the operation. In Case 17 improvement occurred for seven months 
after operation at which time an influenzal type of pneumonia developed 
and caused death. This boy, age 15, although he had a long-standing disease 
and considerable myocardial damage, would ultimately have had a satisfactory 
result from the operation, I believe, if pneumonia had not developed. In 
Case 18 the patient’s condition was not satisfactory before operation because 
or marked hepatic damage, Grade 3, and it was impossible to reduce the 
amount of fluid in his abdomen or pleural cavity. At the time of operation 
there was a marked degree of myocardial degeneration and considerable 
encapsulated fluid. His condition improved only slightly after operation. 
He became gradually worse and died two years and one month following 
operation from progressive cardiac failure. 

Six patients (Cases 19, 20, 21, 22, 23 and 24; Table IV) died in the 
hospital after operation. One patient (Case 19) died on the twenty-ninth 
day after operation of left pulmonary tuberculous empyema and multiple 
pulmonary infarcts. This patient had subacute tuberculous pericarditis, with 
effusion. His convalescence was satisfactory until the seventh day when the 
respiratory rate increased and fever and signs of pleural effusion developed. 
His condition gradually became worse. He became irrational and died on the 
twenty-ninth day from multiple pulmonary infarctions and_ tuberculous 
empyema, Another patient (Case 20) had extensive tuberculous pericarditis, 
myocardial damage and pulmonary tuberculosis. The essential cause of his 
death 13 days after operation was cardiac failure and left tuberculous empyema 
with congestive bronchopneumonia. In Case 21, the patient died on the 
fourth day after operation from cardiac failure as a result of myocardial 
degeneration. This patient had had a Talma-Morison operation. In Case 22, 
the patient died on the third day after operation from cardiac failure and 
bilateral bronchopneumonia. Examination of the heart, in this case, revealed 
a large plaque of calcium which extended throughout the entire wall of the 
ventricle and presented into the ventricular chamber of the heart. In Case 23, 
the patient was a frail girl, age 15, who weighed 75 pounds (34 Kg.) when 
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she was first admitted to the Mayo Clinic in September, 1943. At that 
time she was extremely ill and her temperature was elevated daily. It 
seemed questionable whether surgical treatment would be advisable: However, 
her condition began to improve in about two months and after a period of 
four months she was free of fever and had gained five pounds (2.3 Kg.) so that 
operation seemed justified. The operation was without incident, but she 
died on the third postoperative day of multiple pulmonary embolism. This 
patient had had digitalis prior to her operation. 

In Case 24, death occurred suddenly at the time of operation from cardiac 
failure. This is the only immediate surgical death in this series. There 
were no technical complications during the operation. The heart failure 
occurred after the pericardium had been completely separated but before it 
had been resected. The heart suddenly stopped during the period of rest when 
hot sponges were being applied over the pericardium and heart muscle. The 
patient was frail and had lost considerable weight but after being under 


preoperative treatment for a month and a half his condition improved mod- 


rately and it was felt that surgical treatment was justified. At necropsy the 
enly finding was that of a marked degree of atrophy of the myocardium. 


REPORT OF CASE I 


The patient, a man, age 27, was admitted to the Mayo Clinic on April 11, 1938. No 
definite etiologic factor could be found for his condition. He had had three attacks 
of pneumonia 15, 8 and 6 years prior to his admission. He had not been well since the 
attack of pneumonia eight years prior to his admission at which time a deposit of calcium 
was found around the pericardium on roentgenologic examination. His condition became 
gradually worse until eight months prior to his admission when ascites and edema of 
the legs developed. Since that time dyspnea, weakness and fatigue had been severe. 
He also complained of considerable gastric distress and anorexia. 

At the time of his admission abdominal paracentesis was required every six to eight 
days. The liver was greatly enlarged and a test of liver function revealed retention 
of dye, Grade 3. The veins of his neck were distended. The venous pressure was 310 
Mm. of water. The circulation time, determined by means of the intravenous injection 
of sodium dehydrocholate, from the arm to the tongue was 43 seconds. Systolic 
blood pressure was 108 Mm. of mercury and the diastolic was 80 Mm. of mercury. 
The electrocardiogram revealed a cardiac rate of 90 beats per minute, auricular 
fibrillation, notched QRS in lead I, slurred QRS in leads II and III, and questionably 
inverted T waves in standard lead IV. The roentgenograms taken on admission revealed 
enlargement of the heart shadow with extensive calcification of the pericardium (Fig. 
3 a and 5). On roentgenoscopic examination reduction in the amplitude of cardiac 
contractions was noticed. Preoperative treatment for elimination of fluids from body 
tissues was instituted. 

Operation—May 9, 1938: Marked thickening of the pericardium and epicardium 
was found together, with extensive deposits of calcium on and between these layers. 
The scar was adherent over the entire myocardium. Extensive epicardiolysis was 
performed over both ventricles and the right auricle to the vena cava orifice, with resection 
of a large portion of the pericardial and epicardial scar from the anterior and lateral 
surfaces of the heart (Fig. 4a). Cultures of the pericardial scar were negative and 
microscopic examination of it revealed inflammatory tissue and calcium, without any 
evidence of tuberculosis. 
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The immediate convalescence was satisfactory. Influenza developed two weeks 


operation which delayed the convalescence somewhat. At the time of dismissal 


after the 
two and one-half months after operation, the ascites had almost disappeared (Fig. 4b). 
lests of liver function revealed retent:on of dye Grade 2, whereas before operation it 


was Grade 3. The venous pressure was 156 Mm. of water, whereas, before operation 


A B 


3.—Enlargement of the heart shadow and deposits of calcium at time of admission; a, antero- 
posterior and b, lateral views. 


B 


Fic. 4a.—Typical pericardial scar and calcium removed at operation together with the cartilages 
resected from the wall of the thorax. b (Case 1): Marked reduction in the size of the abdomen after 
yperation owing to relief of ascites is indicated by size of waistband of trousers worn by patient on 
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it was 310 Mm. The circulation time was 20 seconds, whereas, before operation it 
was 43 seconds. The patient gradually improved for nearly two years. At the end of 
that time he was considered cured. He is now leading an active and useful life. 


COMMENT 


The results obtained for the 18 patients wha recovered from operation, 
] believe, are satisfactory. Nine of these patients are considered cured. 
The term “cured” is used in a restricted sense to designate the results of 
these operations. It means here the relief of subjective symptoms and the 
rehabilitation of the patient to his former or some useful occupation. The 
actual damage to the heart undoubtedly is not entirely relieved and the life 
expectancy of these patients is probably not as great as it could have been 
had they not been afflicted by the disease. The condition of two more patients 
has improved markedly and their improvement has approximated a cure 
Operations have been done only recently in two other cases in which progressive 
improvement has occurred. These four patients may ultimately be considered 
cured, thus making a total of 13 of this series of 24 patients who ultimately may 
be considered as cured. 

Of the remaining five patients who recovered from the operation two 
have shown a moderate degree of improvement but it is not likely that they 
will ever be considered as cured. Three patients have died since the operation. 
The deaths of two-of these three patients were due to continuation of the 
disease. One was due to progressive cardiac failure and the other to tuber 
culous peritonitis. In the remaining case the patient was improving satis 
factorily from operation but unfortunately died of pneumonia seven months 
after operation. 

A review of the six cases in which death in the hospital followed the 
operation, indicates that a satisfactory result probably would not have been 
obtained in three. Two of these patients had extensive tuberculosis and 
the other extensive myocardial degeneration with calcification of the wall of 
the ventricle. The remaining three patients who died in the hospital were 
children and all were in poor general condition because of the long duration 
of the disease. On examination of the hearts at necropsy, marked atrophy of 
the muscle was found. Inasmuch, as regeneration of the myocardium is more 
likely to occur among younger patients, it is unfortunate that the lesion was 
not recognized and operation instituted early in the course of the disease in 
these children. 

The mortality rate in this series of cases is 25 per cent. Although this 
is relatively high, it is commensurate with the seriousness of the disease, 
and the mortality rate would have been 100 per cent without surgical interven- 
tion. It is to be remembered that 11 of these 24 patients (46 per cent) can 
be considered cured at this time and two additional patients may subsequently 
improve to this degree of recovery. I believe that the percentage of cures 
can be increased greatly by earlier recognition of the disease and the insti- 
tution of surgical treatment. 
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Those patients who respond to operative treatment present one of the 
most dramatic results obtained from surgical procedures, and it is most 
cratifying to see that these patients who are doomed to a slow, lingering death 
may be restored to health and usefulness. 
REFERENCE 
Harrington, S. W., and Barnes, A. R.: Diagnosis and Surgical Treatment of Chronic 


Constrictive Pericarditis. South. Surgeon, 9, 459-484, July, 1940. 


Drscusston.—Dr. Joun ALEXANDER, Ann Arbor, Mich.: A matter worth mentioning 
is the probable value of a two-stage operation for those patients who have had evidence 
of cardiac constriction for a year or more, and who presumably have an atrophied 
niyocardium. 

I recall that about ten years ago I extensively released both the left and righ 


+ 
t 
ventricles at one operation in a patient who had had cardiac constriction for a number of 


years. The heart dilated and the patient died seven days after operation. Since then 
Doctor Haight and I have operated in two stages in those few patients whose myocardial 
sufficiency was probably considerably impaired, freeing that part of the heart to the left 
t the midline at a first operation, and to the right of the midline at a second operation, 
if the signs and symptoms were not adequately relieved one or more months after the 
first operation. Most of the patients have not needed the second or right-sided stage; we 
have employed two stages in three patients, without a hospital death. 

Incidentally, we have been surprised by the absence of severe reactions from 


pericardiectomy in our cases of chronic tuberculous pericarditis. 


Dr. CLAupE S. Beck, Cleveland, Ohio: I do not think we should have any difficulty 
in the recognition of this condition. As a matter of fact, I think quite frequently you 
can make a diagnosis by inspection of thé patient alone. You cannot always do that, 
but you can do it in some patients. 

There is a very simple diagnostic triad for this condition which I should like to 
present to you, if I may. 

The term which I like to apply to this condition is “compression scars of the heart” 
instead of “constrictive pericarditis”. Here is the diagnostic triad which I think makes 
the diagnosis perfectly simple and infallible: 

The most important features of the triad is a small, quiet heart. A compressed heart 
is a small atrophic organ. The muscle fibers are smaller than normal. We showed 
that some years ago. This type of heart is atrophic; it has undergone atrophy of disuse. 

[I should like to point out that the heart in this condition does not waste any energy. 
It is a perfectly efficient “pump”. There is no valve leakage. The only thing is it does 
not get enough work to do. It does not receive enough blood to do the normal quota 

| work, and it undergoes atrophy from disuse, and that is why when you take the scar 
off you get an immediate improvement, and then later on you get a delayed improvement 
Lecause this atrophy from disuse requires time for it to disappear. A compressed heart 
cannot dilate nor can it hypertrophy. 

The fluoroscope usually helps you to recognize a quiet heart, but the shadow you 
see in the roentgenogram or in the fluoroscope is not always just heart—it is heart plus 
the compression agent, and the compression agent may be in some cases fluid, blood or 
pus. It may be a tumor, and in other cases it may be quite a thick scar. 

As Doctor Harrington has shown, the scar may be one centimeter or more in thickness. 
lhe shadow may appear to be large, whereas, the heart actually is a small organ. 

The other two components of this triad refer to the superior and inferior vena cava. 
[hese structures always contain blood under pressure. When the venous pressure rises 
to a level of 18 or 20 cm. then the fluid part of the blood begins to filter through the 
capillary bed, and you get ascites. It is ascites that takes the patient to the doctor. 
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Usually the patient does not know he is sick until he gets ascites. We can use this 
i:formation for diagnosis. A patient with ascites does not have a compressed heart 
unless the venous pressure is 18 or 20 cm., or higher. The ascites refers to the inferior 
cava, and the high venous pressure in the arm refers to the superior vena cava. 

The triad consists of a small shrunken heart, plus ascites, plus venous pressure in 
the arm which is 18 or 20 cm. of water, or a pressure higher than this level. This triad 
cannot be wrong. 

There should be no difficulty in differentiating this condition from cirrhosis of the 
liver, because you do not have a quiet heart with cirrhosis of the liver and you do not 
have an increase of the venous pressure in the arm. 

I performed 51 operations for removal of compression scars on 46 patients. The 


results are shown in Table I. 
TABLE I 


Operative mortality..... 

Postoperative deaths: 
From tuberculosis. . 
Other causes 

Subsequent mortality 


Living: 
tO ere ee . 31—67.4% 
Improved 3% 


70 


Total cured or improved............. ee 7 


I should like to comment upon these results. The operative death occurred in the 
eighth case of the series in 1934. Death was due to ventricular fibrillation. It occurred 
suddenly and without warning. I believe I can state the cause of fibrillation. It was 
sct-off, as by a trigger, while the scar was being dissected by scalpel from the descending 
ramus of the left coronary artery. The scar was being rolled back on my index finger 
for the dissection and this, in turn, I believe, occluded this coronary artery. An area 
of anoxemia developed in the myocardium and this became a trigger which, like a trigger 
in the brain, set-off a convulsion. I was not able to defibrillate the human ventricles at 
that time. An effective method for this did not exist. At the present time this complica- 
tion could be taken care of without any difficulty. We have an effective method for 
defibrillation of the ventricles. 

There were eight postoperative deaths. Four were due to tuberculosis, two were 
due to infection, and two were due to acute dilatation of the heart. The patients with 
tuberculosis had extensive and severe involvement of pleura, pericardium and mediastinal 
structures. These deaths can scarcely be attributed to operation. The cases were 
inoperable, and the patients were close to the point of death before operation. The 
infection in the other two cases may have been lighted-up by the operation. There is 
no way of determining this. The patients were afebrile before operation. In the re- 
maining two patients it might have been possible to have prevented acute dilation of 
the heart by blood-letting. There are two factors related to this subject. One is the 
atrophic heart, without the compression scar around it, has a tendency to dilate. The 
other factor concerned with dilatation is the fact that the blood volume is increased in 
this condition. Unpublished data, from a study of this series of patients, indicate an 
increase of about 30 per cent in the circulating blood volume. So that there is an increased 
blood volume to be moved by the heart. The four patients who died after discharge from 
the hospital were improved, insofar, as compression of the heart was concerned. One 
developed miliary tuberculosis, and died several months after operation. One developed 
pneumonia, and died several years later. One developed recurrence of compression, and 
died several years later. One died of unknown cause. 

There are 33 patients who are now living. In some of these patients the operatiot 
was performed 15 years ago, and the patients are cured. Thirty-one of the entire group 
are cured. They are completely free of ascites. Two patients are classified as improved 
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They may be completely cured. One of these had a tuberculous scar, and I have not 
seen her recently but it is reported that the abdomen is not enlarged. The other patient 
had reoperation recently because of recurrence of compression scar. He may be cured. 

I should like to add that no bad-risk patient was refused operation. The only re- 
quirement for operation was the diagnosis of compression scar. We have never made a 
mistake in the diagnosis. If the patient was febrile, a period of bed rest was given before 
operation. If the fever failed to subside and if the condition became worse, operation 


was done regardless of risk. Several lives were saved by this program. 

I feel that these results are a good score. The compression scar must be removed 
wherever it exists. Ventricles, auricles, venae cavae must be relieved of any compression 
in order to obtain a cure. Partial operations yield partial results and increase the 


probability of recurrence of scar. 


Dr. GeorGE J. HEUER and Dr. Witt1AmM DEW. Anprus, New York: Discussion by the 
authors presented by Doctor Firor, in the absence of both discussers. 

“Eighteen. patients have been subjected to 19 operations, without an operative or a 
postoperative fatality. Of these, (1) seven patients are classified hy us as cured over 
periods varying from one and a half to eight and a half years, of whom six have been 
followed more than three years, and three more than seven years. Of these seven 
patients, one after being completely cured for three and a half years, died from an 
unrelated acute generalized peritonitis. 

“(2) Three patients more recently operated upon have shown such improvement in 
their symptoms and signs as to warrant the expectation of a cure. Since they have been 
followed less than one year, they have not, however, been classified as cured. 

“(3) Four patients are markedly improved over periods of from three to six and 
a half years. One of these patients died six and a half years after operation from 
pneumonia. 

“(4) One patient is markedly improved, and is living six years after operation. 

“(s5) Four patients were not improved by the operation. Of these, one is living 
seven years after operation, and three have died. One patient died one year after 
operation from recurrent pulmonary infarction, and two died I1 months and seven 
months, respectively, after operation from a progression of the disease. In the last two, 
it became evident on their return visits that the operation had failed in its purpose. 

“A summary of these results shows that 14 out of 18 patients subjected to operation 
have been cured or markedly improved.” 





THE PROBLEM OF EMBOLISM OF THE PULMONARY ARTERY* 
REPORT OF A TRANSCARDIAC OPERATION 


Haro.p Nevnor, M.D. 
New York, N. Y. 


IN ALL PROBABILITY the massive and usually fatal form of pulmonary 
embolism will be rarely encountered when the prophylactic measures now 
in the process of development are fully evolved and generally applied. At 
the present time, however, massive pulmonary embolization is not rare and a 
consideration of its surgical management may, therefore, not be amiss. 

The Trendelenburg operation for embolism of the pulmonary artery 
is the sole measure which has been employed in the past three decades. 
Because of its formidable nature the operation is believed to be indicated 
only in those cases in which a sufficient period of observation has elapsed 
to be assured that death is impending. According to the surgical literature, 
it would appear that the diagnosis as well as the situation and the physical 
features of the embolus have been more or less taken for granted. Various 
features of the embolus have been described but not in relationship to the 
question of operative removal. I believed that a detailed examination of 
well-documented cases might provide information of surgical significance 
which was lacking in the literature. A study was made by S. Klein? and 
myself of 88 consecutive autopsied cases encountered at the Mount Sinai 
Hospital. The work will be described fully elsewhere but certain pertinent 
features can be briefly set forth at this time. 

Owing to some question as to the cause of death in cases of massive 
pulmonary embolization it should be said that the study appears to show that 
obstruction of the pulmonary artery is the essential cause. The factors pro- 
ducing death were obstruction, asphyxia, and heart failure. The fatal episode 
took place at virtually any time during a medical illness (26 cases) or in the 
surgical postoperative period (62 cases). Of the 62 deaths in operative cases 
21 occurred in the first week, and of these, 14 in the first few days. Only 26 
were encountered in the second week, chiefly in the classical period of the 
eighth to the twelfth day. Some details will be given later concerning the 
time of death in relationship to the onset of symptoms. 

An analysis of the 88 cases reveals that there was evidence at autops) 
of previous peripheral embolization in 43, that is, in half the cases. Thirty-six 
of the patients had had symptoms and signs related to such earlier episodes, 
and in at least 13, there were local manifestations suggesting the presence 


of thrombosis or phlebitis. If argument were needed, these data would supply 
* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
+ Now Major, M.C., A.U.S. 
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a powerful one for thorough-going prophylactic measures in any hospital 
service, medical or surgical. 

The variations in the size, shape, and position of the pulmonary embolus 
were studied and were found to be of surgical significance. Some emboli 
were extremely long, with twig-like branches, others short and curled up. 
Some were firm, others friable. A few were firmly adherent. The embolus 
was situated (1) in the outflow tract of the pulmonary artery; (2) in the 
main trunk; (3) in one or more of the major branches; or (4) fragmented 
and distributed in the lesser branches. Thus, it is obvious that the chances 
ef encountering and removing the embolus at operation cannot be gauged 
in advance. 

The symptoms in the 88 cases were those of asphyxia, shock, syncope, 
or heart failure, singly or in various combinations. Variations in symptoms 
and signs often made an absolute diagnosis difficult or impossible except in 
classical cases. Central and peripheral blockade could not be differentiated. 
Perhaps the most significant conclusion from the study of symptoms was 
that there was no dependable relationship between the degree, location, 


and extent of the pulmonary embolus, and the clinical picture. The litera- 


ture scarcely deals with this aspect of the subject and yet the question must 


be raised as to when, if ever, as formidable a procedure as the Trendelenburg 
operation is indicated. 

Although the classical cases can be recognized readily, it can be said that 
the differential diagnosis from coronary thrombosis, in particular, or non- 
cardiac lesions, in general, may be difficult or virtually impossible. The 
electrocardiogram was not of decisive aid in the differentiation from coronary 
thrombosis. In our 88 cases an unequivocal diagnosis of pulmonary embolism 
was made in 16, an equivocal one in 13. The diagnosis was incorrect in 22. 
The clinical picture in 13 cases did not appear to suggest or, at any rate, did 
not warrant a diagnosis of pulmonary embolus. 

From a consideration of the topographic features alone, embolectomy 
would have been feasible in 33 of the 88 cases. However, amongst these 
33 cases there were no distinctive clinical features to differentiate them from 
iess favorable cases. The conclusion is, therefore, inevitable that an operation 
always must be regarded as an exploratory one. Of the 88 cases, almost 
half were suffering from otherwise irremediable conditions. A survey of all 
the features of the 88 cases including diagnosis, duration of symptoms, 
topography of the embolus, efc., establishes that there were between 15 and 26 
cases spread over a period of ten years in which favorable criteria for 
embolectomy existed. 

The occurrence of death after the onset of symptoms was within ten 
minutes in 18 cases, in II to 15 minutes in nine cases, in 16 to 30 minutes 
in II cases, and in one-half to one hour in eight cases. Twelve died in one 
to four hours, six in four to ten hours, five in ten to 24 hours. Thus, a sig- 
nificant fact concerning the cases to be regarded as favorable for embolectomy 
was that the duration of life was short in many. This is quite out of line 
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with the protracted duration for which the Trendelenburg operation has 
been advocated. In this connection, reference should be made to a number 
ef cases studied but not included in this series, characterized by extremely 
severe clinical manifestations of prolonged duration with recovery ensuing 
after death was anticipated. Some of these cases conform to the type in 
which the Trendelenburg operation might have been performed in ac- 
cordance with the formula of observation over a period of hours. 

The study of the 88 cases has shown that an operation for the removal 
of pulmonary embolus can be only rarely indicated. In 1938, there were 
collected 132 cases in which the Trendelenburg operation had been performed, 
with a mortality rate of 93.2 per cent. Seven patients recovered. There 
have been at least two successful cases since that time. It is clear that 
same lives have been saved which otherwise would have been lost. However, 
the unfavorable features are: (1) an extremely high mortality; (2) the 
requirement of a very hasty operation because of the short period of permissible 
occlusion of the pulmonary artery; (3) a too formidable operation in case 
of error in diagnosis; (4) an unsuccessful operation if the embolus is not 


ot classical topography and in the typical situation; (5) the requirement of 
a specially trained team; and (6) the limitation of operation to a rare 


clinical variety of pulmonary embolism. 
It is believed that some of the objections to the Trendelenburg operation 


are met in the operation which was performed in the following case: 


Case Report.—Mount Sinai Hospital No. 498441: E. P., male, age 18, an athlete, 
had been well until 16 days before admission. There then began a left lower lobe 
pneumonia, with treatment by sulfathiazole and subsidence in a few days. Four days 
before admission there was an episode of pain in the right lower chest and shoulder, 
and fever, with subsidence. The evening prior to admission there was an attack of 
left chest pain. Three hours -before admission there was a sudden access of left 
anterior thoracic pain, a chill and severe dyspnea. His physician found signs of 
vasomotor collapse with a rapid thready pulse, cold and cyanosed extremities, and an 
unobtainable blood pressure. 

This was the condition on admission at 10 a.M. By 11:30 a.M. there was some 
improvement, apparently the result of the administration of oxygen and morphine. A 
systolic blood pressure of 85 was obtainable by auscultation. An electrocardiogram 
revealed changes which were compatible with acute cor pulmonale or pulmonary embolus. 
The chest film disclosed no definite abnormality in the lungs. Papaverine was admin- 
istered intravenously and heparin shortly thereafter. The improvement which began 
shortly after admission was transient. By 4 p.m. the pulse was imperceptible at times, 
the systolic pressure 70, the patient semicomatose. At 4:50 p.m. the patient was 
comatose and the general condition poor. There was slight improvement thereafter, 
apparently the result of a transfusion of blood. There were periods of partial conscious- 
ness but the pulse and blood pressure became scarcely obtainable, the heart sounds fa‘nt, 
and the vasomotor collapse extreme. At the time of operation, 8:45 p.m., the patient. 
was not responsive and death apreared imminent. 

Operation.—Local anesthesia was employed but there appeared to be little need 
for any form,of anesthesia. A right parasternal incision was made through the fourth 
and fifth costal cartilages and the adjacent portion of the sternum was removed with 
A substantial proportion of the pericardium was exposed extrapleurally and 
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was incised. The right auricle and ventricle which were pulsating with little force were 
well visualized. By palpation the pulmonary artery appeared empty of thrombus, but 
of this one could not be sure. Two parallel silk sutures were placed through the most 
prominent portion of the right ventricle and an incision through the wall of the ventricle 
was made between them. The escape of blood was stopped effectively by the introduc- 
tion of an open-end No. 34 F. catheter (child-sized rectal tube) and the crossing of the 
sutures over the catheter. The catheter was passed upwards the short distance necessary 
to bring it to the outflow tract of the pulmonary artery and suction was applied. The 
blood was drawn and filtered into a flask containing citrate solution with the intention 
of returning it into the circulation. When thrombotic material was not observed in the 
gauze filter the catheter was withdrawn from the ventricle and saline solution drawn 
through the system in order to see if a thrombus had been extracted. The crossing 
of the two sutures after the withdrawal of the catheter prevented escape of blood from 
the ventricle. The catheter was then introduced and removed a second time and, again, 
no thrombotic material was withdrawn. The maneuver was again repeated, the catheter 
being passed into the pulmonary artery this time. No thrombotic material was obtained ; 
the catheter was withdrawn, the sutures were tied across the incision in the ventricle, 
and one additional suture was introduced and tied in order to stop some leakage of 
hlood. The duration of operation to this point was one-half hour. Death occurred 
15 minutes later. 

Autopsy.—This disclosed an empty main trunk of the pulmonary artery. Thrombi 
filled the right and left branches beginning in each instance 2 to 3 cm. from the main 
trunk. They extended into the smaller branches on both sides. They were friable and, 
microscopically, revealed beginning organization. The lungs showed infarcts on both 
sides. The incision in the heart was found to be about 2 cm. in length, situated in the 
anterior aspect of the right ventricle. When tested with fluid in the ventricle it was 
found to be well closed. 

COMMENT 

The foregoing operative procedure is simple, reasonably safe, and does 
not require undue haste. Special skill and practice and a special team are 
not needed. The suction of blood, which results in some measure of decom- 


pression of a right ventricle laboring unavailingly against the obstructing 
embolus, is a desirable feature. However, the essential part of the operation 
is performed blindly and does not provide assurance that suction will, in 


fact, engage the thrombus in the eye of the catheter. A metal tube with 
an appropriately hollowed end would probably be more effective in engaging 
and extracting the thrombus. Despite the fatal issue in the reported case, 
further attempts to extract a pulmonary embolus through the right ventricle 


appear justified. 


Discussion.—Dr. Craupe S. Becx, Cleveland, Ohio: This procedure described by 
Doctor Neuhof, I believe, has much to commend it. I used this same method years ago 
in the experimental laboratory. In these experiments a glass suction tube was intro- 
duced into the right ventricle and directed into the conus arteriosus and pulmonary 
artery and emboli consisting of pieces of skeletal muscle were removed from the pul- 
monary artery. The control sutures and the method of controlling hemorrhage were 
precisely the same as those described by Doctor Neuhof. (Ref. Beck and Cutler, Journal 
Experimental Medicine, 40, 375, 1024). I did not apply this method to human 
patients, and I refer to these experiments simply to indicate familiarity with this method. 

Anyone who has performed the Trendelenburg operation will agree with Doctor 
Neuhof that it is a formidable one. Surgeons do not have much taste for this operation. 
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It is difficult to get adequate exposure. It is difficult to place the rubber tube under the 


pulmonary artery so that it can be elevated and controlled. Orientation is difficult, and 


the aorta has been opened instead of the pulmonary artery. In view of these considerations, 
the surgeon elects to undertake the Trendelenburg operation only after the patient has 
expired—when the risk of operation no longer exists. It then becomes a race with tim 
The oxygen system must be restored before irreversible damage to the breathing center 
takes place. The chances of success under these circuftnstances are, indeed, slight. 

This other method has several considerations in its favor. Exposure of the right 
ventricle is not as formidable an operation as is exposure of the pulmonary artery. 
Orientation is not difficult. The right ventricle is readily recognized. Control sutures 
are easily placed. There is no special difficulty in making an incision in the right ventricle 
and controlling the wound so that it does not bleed. The conus arteriosus is accessible and 
it leads directly into the pulmonary artery. A suction tube can bé readily introduced. Th 
incision in the ventricle can be readily closed by suture. 

There is another consideration in favor of this method. It seems to me that this 
operation can be performed with relative safety. Experience with the method will be 
necessary to determine this point. If the operation can be undertaken with reasonabk 
safety then it can be applied before the heart stops beating. This would be an important 
consideration because it would remove the race with time, and every care could be 
taken to make it safe. It should be emphasized that the heart beat is not disturbed in 
performing this operation. The extraction of the clots need not interrupt the circulation. 
The suction tube can be inserted as frequently as necessary to remove all clots. A glass 
or metal tube is better than a catheter. It is unfortunate that embolic material was not 
successfully removed in this first human patient. The clots extended into the smaller 
branches on both sides. These clots, no doubt, were extensions from the original 
embolus. Early removal of the primary embolus might have prevented formation of 
these secondary clots. The best time to clear the vascular tree is early after the embolus 
strikes, and if the operation becomes a relatively safe procdure surgeons will be more 


inclined to apply it early—before the patient dies. 


Dr. Atton Ocusner, New Orleans, La.: I cannot refrain from speaking about this 
operation which Doctor Neuhof has described, and which of course is an ingenious one. 
I think that we, as members of the surgical profession, should try to prevent these 
complications and not perform’ an operation that has to be undertaken immediately 
before death. There is no reason why anyone should ever develop a pulmonary embolism 
now, I believe. 

There are two types of intravascular clotting, one which is associated with inflam- 
mation of the vein wall, 7.c., thrombophlebitis and another in which there is a bland 
thrombus with no associated inflammation of the vein. The latter we have designated 
as phlebothrombosis. 

The former seldom gives rise to embolism because the clot is firmly attached. For- 
tunately, the condition is easily diagnosed. Embolism rarely occurs in cases of sup- 
purative thrombophlebitis, which is usually associated with a pelvic infection. In con- 
tradistinction to thrombophlebitis, in which the diagnosis is easily made, the diagnosis 
in phlebothrombosis is not obvious and can only be made by being on the look-out for 
it. These patients get along fairly well postoperatively and have few symptoms. By 
looking for vein tenderness the condition can be suspected and the diagnosis can be mad 
by phlebography. These are the cases in which pulmonary embolism is likely to occu 
because the intravenous clot is a red thrombus and is not firmly attached to the vein 
wall, and can be detached easily. Ligation of the involved vein above the site of the 
thrombus will prevent detachment of the clot and pulmonary embolism, obviating th 
necessity of waiting until the patient becomes moribund, with a massive embolism, in 
order to perform the acrobatic surgery in order to remove the occluding thrombus in a 
dying individual. 

492 





ume 120 EMBOLISM OF PULMONARY ARTERY 


Number 4 


More important than the prevention of the detachment of an intravenous clot is the 


prevention of the original thrombosis. This can usually be accomplished by increasing 


the circulation through the lower extremities. Every patient past 40 years of age, 
who is put to bed at all, should have his extremities wrapped from his toes to his groin 
with ACE bandages. In that way the circulation in the deep veins is speeded-up by com- 
pressing the superficial veins. 

Immediately postoperatively, when he comes back from the operating room, he 
should be placed in the Trendelenburg position, unless there is some contraindication, until 

is able to move forcefully his extremities. 

If one will do this and prevent the increased intra-abdominal tension, and also 
prevent the decreased respiratory excursion, intravenous clotting usually can be prevented. 
These patients, particularly the older ones, should be watched for vein tenderness. 

We are all familiar with the work done by the Swedes a number of years ago in 
the Trendelenburg operation, and the story of how they sat at the patient’s bedside 
after he got his first pulmonary embolism, and waited until he was just about dead, 
and operated then. They saved a few, it is true, but there is no reason why we should 
allow this to occur. 

I hope we will not have any more papers on the removal of pulmonary emboli 
before this organization, an operation which should be of historical interest only. 
Certainly, the way to prevent death from pulmonary embolism is to prevent the clot 
from being detached and getting into the pulmonary vein if thrombosis does occur. If 


this is done, pulmonary embolectomy is unnecessary. 


Dr. CLAupE S. Beck: I take issue with the wishful thinking of Doctor Ochsner 
concerning pulmonary embolectomy. This complication will occur in the future and the 
development of any safe method for removal of pulmonary emboli will be a welcome 
contribution. J am certain that we all go along with him in his attempts to prevent 
pulmonary emboli but I cannot simply assume that this complication will be wiped out 
and will not occur, and we need sot concern ourselves with removal of pulmonary 
emboli. The methods for prevention of pulmonary emboli have not become established 
or generally accepted. An embolus may arise in the vein proximal to the site of ligation 
and a fair percentage of emboli arise from sources other than the veins of the legs. 
They may arise from the abdomen and abdominal viscera. Until it can be shown that 
this complication can be prevented, we shall be interested in treating pulmonary emboli. 





EFFECT OF SULFONAMIDES UPON EXPERIMENTAL GUNSHOT 
WOUNDS INVOLVING PERIPHERAL NERVES* 
Loyau Davis, M.D., Freperick HILuer, M.D., 
GeorGE Perret, M.D., anD WALTER CarroLL, M.D. 
Cuicaco, IL. 

FROM THE DIVISION OF SURGERY, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL, CHICAGO, ILL. 

INJURIES OF THE PERIPHERAL NERVES which result from war wounds are 
usually associated with extensive soft tissue destruction and fractures of the 
bones. In any event, they are contaminated or grossly infected so that the 
liberal use of the sulfonamide drugs at the time of injury or débridement is 
to be considered in an effort to control the course of the infection. It is of 
importance, therefore, to know what effect the sulfonamides might have upon 
the repair and regeneration of the peripheral nerve. If the use of the sulfona- 
mide drugs will allow a peripheral nerve wound to be repaired after a shorter 
interval following injury without the danger of the development of a sup- 
purating wound, and if they have no deleterious effect upon nerve regenera- 
tion, then the ultimate functional results of the repair of nerve injuries will 
be improved. 

The aim in this study was to produce a wound with tissue destruction 
and severance of the sciatic nerve, the severity of which could be compared 
to the usual wounds of modern warfare. The wounds were produced at 
short range by .22 caliber, long rifle, lead-tipped bullets whose tips were 
countersunk, or coned out, and which had a muzzle velocity of approxi- 
mately 1070 feet per second. The wounds were uniformly characterized 
by a small round entrance on the lateral aspect of the thigh and a much 
larger, irregular and ragged area of exit on the medial aspect. The left leg 
of the anesthetized cat was suspended with full extension of the knee and 
the thigh slightly compressed in its mediolateral axis by two wooden surfaces, 
thus, immobilizing the soft tissues and reproducing the effect of an active 
muscle holding the nerve taut. An adequate opening in the lateral com- 
pressing board presented an unobstructed path for the bullet. This method 
resulted in a fairly constant and uniform severance of the left sciatic nerve 
and less frequently a fracture of the femur. Without compression of the 
thigh the nerve was usually only contused and pushed aside by the bullet. 
Prior to the injury, the animal's thigh was shaved in order to prevent a too 
virulent and too massive wound infection. After the bullet wound was in- 
flicted, a simple clean gauze dressing was applied and allowed to remain in 
place until the wound was deébrided. 





* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Northwestern University. 

Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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Débridement of the wound and simultaneous repair of the nerve were 
performed immediately, and at various intervals, until 48 hours after the 


injury. Of the 217 gunshot wounds studied, 74 were débrided immediately 
after injury, 27 after 6 hours, 15 after 12 hours, 26 after 18 hours, 53 after 
24 hours, and 22 between 24 and 48 hours. Nerve repair and closure of 
the wound were performed in every animal despite the length of time which 
had elapsed between the injury and débridement. All surgical procedures 
were undertaken with strict aseptic precautions. Wound repair was preceded 
by cleansing the skin thoroughly with soap and water, followed by iodine, 
alcohol, and draping. The exit wound on the medial aspect of the thigh 
was first repaired. The débridement was complete, insofar as all question- 
ably devitalized tissue was completely excised. The skin edges were trimmed, 
the edematous subcutaneous tissue and the traumatized dusky red, or purple, 
discolored muscle was removed. All foreign bodies were removed. The 
wound was irrigated with saline solution and closed in layers with inter- 
rupted silk sutures and skin clips. The same procedure was used in closing 
the wounds of entrance, except that the exposure of the injured nerve re- 
quired an incision sufficiently long to reflect the lateral musculature of the 
thigh. 

Repair of the nerve was carried out after complete debridement and 
irrigation of the wound had been accomplished. The bullet produced an 
irregular and ragged severance of the nerve, and the nerve fascicles pro- 
truded from the epineurium and perineurium of the torn ends. The epineu- 
rium had usually retracted for a distance of three to eight millimeters. Small 
blood clots were found around the epineurium and perineurium, and the 
epineurium appeared swollen, glossy, and seemed to contain clear fluid. 
Ecchymosis, discoloration, and edema affected both torn segments for a 
distance of 10 to 15 millimeters, and the nerve showed a parallel striation 
which was perpendicular to its course, and resembled muscle striae. Although 
the course of the bullet had been straight when piercing the thigh, the shot 
canal was found not to be continuous because the muscles had changed 
their position and state of contracture. Thus, the relation of nerve to 
muscles was changed which explained that frequently the contused or torn 
nerve was no longer in the area of muscle destruction. Nerve repair con- 
sisted of a local neurolysis, trimming of the ragged nerve ends, resection 
of the severely contused nerve tissue, and end-to-end suture, or implantation 
of a fresh homogenous graft depending on the amount of nerve destruction. 
The suture material used was fine black silk. 

The gross appearance of the wounds surgically treated after six hours 
was indistinguishable from that immediately after injury, except for an 
occasional edema. Wounds which remained untreated more than 12 hours 
after injury presented characteristic signs of infection: The traumatized 
tissues became necrotic, grossly edematous and developed an offensive 
odor. In several cases the entire thigh and leg was tumefied and grossly 
edematous. The most common organisms found (bacterial cultures taken 
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just prior to débridement) were B. coli, nonhemolytic Streptococcus 
Staphylococcus albus, B. proteus, B. subtilis, and an occasional diplococcus. 

In a series of animals, various sulfonamide drugs were introduced locally 
into the wound at the time of débridement. The drugs used were powdered 
and crystalline sulfanilamide, powdered sulfathiazole, and sulfadiazine. They 
were distributed evenly over the entire wound before closure. One-tenth 


gram (0.1 Gm.) of drug was used per pound of animal weight, giving an 


average of 0.7 Gm. in each wound. The implanted powdered drugs devel 
oped a paste-like consistency, especially around the nerve, and were absorbed 
so slowly that three to seven days were required before they had disappeared 
from the wound surfaces. Sulfanilamide was used in 37, sulfathiazole in 
35, and sulfadiazine in 24 animals, while the wounds of 48 animals were 
not treated with any chemicals. 

In 51 instances in which débridement was performed 24 hours or more 
after injury, a sulfathiazole jelly was introduced into the bullet tract at the 
time the wound was received. This jelly is water-soluble and contains 
sulfathiazole in a concentration of 5, 15, or 25 per cent. Three to five cubic 
centimeters of jelly was introduced into the depths of the wound from a 
metal tube through a fitted flexible metal conduit. These wounds were 
débrided in the same way as in the other animals and, in forty, sulfonamides 
were powdered into the wounds before closure. The sulfathiazole level in 
the blood was determined at the time of débridement. The average level 
was 1.69 mg. % after 24 hours and 0.33 mg. % after 48 hours. 

In spite of a careful débridement performed immediately after inflicting 
the gunshot wound, the rate of infection and formation of extensive abscesses 
which burrowed along the course of the sciatic nerve and the fascial planes 
of the muscles was very high when the sulfonamides were not used in the 
wounds locally. The rate of massive infections increased the longer débride- 
ment was delayed. Thus, in the series in which no sulfa drugs were implanted 
massive infections were encountered in 38.2 per cent of the 34 animals 
treated immediately after injury, and in 42.9 per cent of the seven animals 
operated upon six hours after injury. In the 11 animals débrided within 12 
to 18 hours after injury, massive infections developed in 54.5 per cent of 
them, and this incidence grew to 83.3 per cent of the six animals treated after 
an interval of 24 hours. These infections usually became apparent five to 
seven days after débridement, repair, and closure of the wounds, and most 
of them develcped rapidly into generalized septicemia and death, even though 
drainage was instituted as soon as the infection was noticed. 

The local application of the sulfonamide drugs in the wounds at the time 
of débridement did not completely prevent the formation of infection. In 
this group of animals the rate of infection was also directly proportional to 
the period of time which had elapsed before the wounds were treated. The 
incidence of infection was 5.0 per cent of 40 animals when the wound was 
treated immediately with powdered sulfonamides or sulfathiazole jelly, 10 
per cent of 20 wounds débrided after 6 hours; 26.6 per cent of 30 animals 
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treated within 12 to 18 hours, and 55.5 per cent of 18 animals treated after 
24 hours. 

The immediate introduction of sulfathiazole jelly into the wound reduced 
the incidence of infection, especially in the wounds whose repair was delayed 
for 24 to 48 hours. When no further sulfonamides were used the rate of 
infection was 36.3 per cent of I1 animals, and this figure was reduced to 
22.5 per cent in 40 cases when powdered sulfonamides were implanted in 
the wound at the time of débridement. 

The toxicity of the drugs, as manifested in this series, lies somewhat in 
the realm of conjecture. Fourteen animals died within two to four days 
alter surgery from uncertain causes. Nine of the deaths occurred prior to 
the use of the jelly, and five of these animals received no chemicals, while 
the other four were treated with sulfanilamide and sulfathiazole at the time 
of débridement. The remaining five animals were in the jelly series, three 
of which also received sulfanilamide, one sulfathiazole, and one sulfadiazine 
at the time of débridement. Careful autopsies revealed no clues related to 
the cause of death. The kidneys of 18 animals were studied histologically 
and failed to present the changes reported as due to the use of sulfonamides. 
The considerable amount of large fat droplets in and around the convoluted 
tubules has been reported in normal cats, and there is no reason to believe 
that the drugs should produce any lipoid degeneration. The blood levels 
obtained after the introduction of the soluble sulfathiazole jelly in the wounds 
also speaks against the probability of a toxic effect. Furthermore, in the 
course of experimenting upon such a large number of animals, an occasional 
debilitated cat was used, and it is only logical that such an animal would 
succumb from the traumatization or experience a fatal postoperative course. 

The extensive débridement of muscle and nerve considerably changed 
the original nerve bed, the surfaces and the relation of the surrounding 
tissues. These changes produced an extensive scar formation, and dense 
adhesions were found around the repaired nerve and usually embedded the 
suture lines and both central and distal segments for a distance of Io to 15 
millimeters above and below the suture line, which was always moderately 
swollen. The adhesions were much more severe than those found in other 
series of animals in which aseptic nerve sections and sutures were per- 
formed. Because of the severity of the posttraumatic scar formation only 
little difference could be noted between the wounds which were treated with 


the drugs and those which were not. In a few instances, however, thicker 
and firmer adhesions have been noticed following the use of sulfanilamide 
powder. The use of the sulfathiazole jelly did not alter the amount of adhe- 
sions around the nerve and did not seem to hinder tissue repair in any 


noticeable way. 

From the bacteriologic cultures and the high frequency of serious infec- 
tions, it is evident that the wounds resulting from gunshot injuries in our 
experimental animals showed a maximum of gross contamination and of 


497 





DAVIS, HILLER, PERRET AND CARROLL Annals of Surgery 


October, 1944 


tissue damage. It was not possible to reduce the seriousness of these infec 
tions with immediate thorough cleansing and careful wound excision and 
perform a satisfactory nerve suture and primary closure at the same time. 
However, the incidence of infection, when wound cleansing, debridement, 
nerve repair and closure were performed within 12 hours after injury, was 
lower in the series of animals in which the sulfonamide drugs were applied 
locally to the wound. 

Another purpose of these experiments was to find out how long deébride 
ment followed by immediate nerve repair and wound closure could be delayed 
without a prohibitive incidence of infection. There was a high incidence 
of infection when débridement was delayed more than 12 hours; it was very 
high when the delay was 24 hours or more. The introduction of sulfonamides 
into the wound reduced the incidence of infection only slightly, and it seemed 
that immediate nerve repair after 12 hours was doomed to failure. During 
the delay the infection had already progressed to such an extent that débride 
ment and local chemotherapy proved ineffective. Since all gunshot wounds 
are grossly contaminated, it was only logical to think that local chemotherapy 
applied earlier could overcome, or at least reduce, the developing infection. 
It is not possible to introduce the powdered or crystalline drug into the 
tortuous and complicated wound adequately, and for that reason a sulfathia- 
zole jelly was used which could reach most of the crevices and recesses of 
the wound. The introduction of this jelly into the wound immediately after 
the gunshot injury was inflicted reduced the incidence of infection in all of 
the experiments upon delayed débridement. 

If the sulfathiazole jelly prevents bacterial invasion, its effect is only 
temporary and, therefore, cannot altogether prevent the formation of a later 
infection in a delayed wound. The early introduction of the jelly is only a 
preventive measure and there are no reasons to minimize the necessity of 
surgical asepsis. All such wounds need to be adequately cleansed, débrided, 
and have additional local sulfonamide therapy before closure to obtain the 
best results. Thus, the incidence of infection in wounds repaired 24-48 
hours after injury was reduced from 83.3 per cent in six animals to 22.5 
per cent in 40 animals, when sulfathiazole jelly was introduced into the 
wound immediately after its receipt, and sulfonamides were powdered into 
the wound at the time of débridement. 

In another group of 156 cats the left sciatic nerve was sectioned sur- 
gically ; in one group under aseptic conditions and another group without 


sterile precautions. The nerve was sectioned and repaired immediately by 
end-to-end sutures in 34 cases; by implantation of an autogenous graft in 
57, and by implantation of a homogenous graft in 65 cases. Seventeen of 
the animals operated upon under septic conditions developed an uncontrollable 
infection and were disregarded for further histologic or clinical studies. In 


the remaining 139 animals, powdered sulfanilamide was used around the 
repaired nerve of 26, sulfathiazole in 28, and sulfadiazine in 23 animals; 
the remaining 62 animals were not treated with any of the drugs and were 
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considered as control experiments. One-tenth gram of the powdered sulfona- 
mide drugs* was sprinkled around the exposed sciatic nerves per pound of 
the animal’s weight ; the average dose was 0.7 Gm. 

In two animals for each drug, the exposed sciatic nerves were not sec- 
tioned, but sulfanilamide, sulfathiazole and sulfadiazine were implanted about 
the nerve trunks and the wounds were observed at frequent intervals for a 


period of 48 and 72 hours. The nerve was then removed for study. After 


two hours the powdered drugs became wet; after five hours the material 
gathered in large clumps around the nerve, and the presence of clear fluid 
could be seen in the wounds. This serous exudate increased steadily for 24 
hours, some of the sulfanilamide, sulfathiazole, and sulfadiazine powder had 
been absorbed ; however, most of it clung in small clumps to the nerve itself. 
\fter 48 hours a large amount of the sulfanilamide had been absorbed, while 
the sulfathiazole and sulfadiazine clumps were loosely adherent to the nerve 
and its surrounding tissues. These clumps had the appearance of curdled 
milk and the consistency of chewed gum. After 72 hours small clumps of 
sulfanilamide powder were still adherent to the nerve, while the other drugs 
were still present in large amounts. 

The wounds treated with the sulfonamide compounds were characterized 
by an increased amount of adhesions fixing the nerve to the surrounding 
tissues. The increase in the amount of adhesions between the epineurium 
and the surrounding muscles was a constant finding in both end-to-end 
sutures and in graft repairs, whether or not the operation had been performed 
with an aseptic or septic technic. These adhesions had a silvery, spider 
web-like appearance, could be easily torn, and were moderately vascular. 
They were thicker and more extensive about the grafts, and in some instances 
fixed the graft to the surrounding tissues so that the nerve had to be dissected 
away. This distal suture line of the grafts was usually thicker and more 
often adherent to the surrounding tissues than the central suture, and this 
condition was more marked in homogenous grafts. However, thicker adhe- 
sions and more prominent central and distal suture lines were observed in 
the grafts treated with the sulfonamides. In general, it appeared that the 
nerves treated with sulfanilamide powder showed more adhesions than those 
in which the other two compounds were used; however, this difference was 
small and could easily be overlooked. 

No conclusive evidence was found that the regeneration of nerve fibers, 
axis cylinder formation, myelinization, or the absorption of myelin decom- 
position products was changed by the use of the sulfonamide drugs. The 
deviation and abnormal distribution of regenerating nerve fibers were ob- 
served regardless of whether a strong: mesodermal suture reaction or an 
epineural reaction was traumatic, infectious, or was caused by the irritation 
of the sulfonamide drugs. 

* Fine crystalline sulfanilamide, sulfathiazole, and sulfadiazine powders were used 
1 all the experiments. 
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The sulfonamide drugs did not interfere with the neurotization of an 
autogenous or homogenous graft, or the distal segment. However, in the 


homogenous graft series an heteromorphous neurotization of the graft was 
found in all of the sulfonamide-treated animals, whereas similar grafts 
ii untreated animals showed in all instances some degree of isomorphous 


neurotization. 


Discussion.—Dr. Howarp C. Narrzicer, San Francisco, Calif.: The work of 
Doctor Davis, and his associates, has indicated that for experimental wounds in animals 
the use of the sulfonamide drugs has effected a striking reduction in the incidence of 
infection. Their conclusion that, microscopically, the drug showed no significant effect 
on the regeneration of peripheral nerves is supported by Hinsey’s laboratory experience 
He believes that regeneration is neither accelerated nor retarded. 

In Davis’ animals, however, there were more adhesions in the wounds and more 
fibrosis. The degree of reaction varied with the particular drug. Their findings in 
peripheral nerve tissues in vivo agree with the results obtained by Saunders and Hay 
maker on the central nervous tissues of chicks in tissue culture. In both instances 
sulfadiazine headed the list as the greatest irritant, while sulfanilamide caused the least 
reaction. 

Of the sodium salts, sulfadiazine is most toxic to growing tissue. The irritant and 
sclerosing effect of such drugs recalls to me four cases which I saw recently in England. 
In all of these sulfapyridine had been injected into the muscles of the posterior aspect of 
the thigh in the course of treatment of some infection. Sciatic paralysis ranging from 
severe to complete lesions resulted. In one sciatic nerve seen at operation the injection 
evidently had been into as well as about the nerve, resulting in a terrific production of 
scar tissue intraneurally and over a considerable distance along the nerve. 

What should be our attitude toward early suture of the nerve in contaminated wounds, 
particularly those of warfare? In civilian life, divided nerves in incised wounds, or in 
lacerated wounds with little associated contusion, may, under favorable conditions, be 
sutured primarily. In battle wounds such conditions rarely prevail. 

The length of time between injury and arrivai at a hospital with suitable personnel 
and equipment will be many hours or days. Operations upon peripheral nerves are de- 
tailed and too time-consuming to be performed amid a rush of urgent cases. Associated 
in‘uries to bones, joints and soft tissues are the rule. 

The loss of some length of nerve requires surgical ingenuity to approximate the ends 
In the early stages the amount of resection required for the damaged ends may be debat- 
able. The long incisions to mobilize the nerve and the extensive dissections to preserve 
the branches are not to be undertaken in contaminated wounds. The appropriate positions 
of bones and joints to permit approximation of the ends of the nerves may not be 
permitted by the exigencies of the associated injuries. 

It is recommended, then, that, as a primary procedure at the time the wound is 
trimmed, the untrimmed ends of the nerve be approximated with a wire suture if possible. 
This prevents retraction and displacement and facilitates later identification at operation. 

It has been the experience in this war that such divided nerves may then be suitably 
resected and sutured at an early date after healing of the wound. Experiments indicate 
that early suture favors the best regeneration, and clinical experience shows that the 
earlier function can be restored, the fewer will be the irreversible changes in muscles 
and joints, and the more complete will be the recovery. 

In War I, the protracted sepsis in bone caused long delays in the repair of nerves and, 
even after healing, many weeks elapsed before the extensive operations required could 
be undertaken. 

The experimental work of Doctor Davis, and his associates, and the clinical experi 
ences in this war, in which there is less sepsis and more prompt healing of wounds, all 
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indicate that far earlier suture of nerves may be performed safely and that the use of 
sulfanilamide will not prejudice the result. 
Lebedenko has reported a large series of repairs of nerves, undertaken not later than 
two weeks after healing of the wound, with an insignificant percentage of infections. 
Early rather than primary repair of the nerve is the goal. With decreased infection, 
speedier healing of wounds and prompt repair, the results of surgery of the nerves may be 


expected to show great improvement 


Dr. Byron Stookey, New York: The problem of nerve repair in war is one of 
meeting a nerve defect, and if there is anything we can do to prevent a nerve defect 
or at least minimize it, it will make for easier repair and a more complete return to function. 

Doctor Davis has shown that with the use of sulfanilamide the nerve ends can be 
brought together earlier than they could otherwise. This means less retraction of the 
nerve ends, and as Doctor Naffziger said, if the new wire tantalum is used, which will not 
increase and retain the infection, then the retraction which takes place, and the fixation 
of the nerve-in distal scar, can be overcome and at least minimized. 

Therefore, the amount of nerve deficit to be overcome at the time at which definitive 


repair can be made is efficiently lessened. Then an easier end-to-end suture is accom- 
plished, and less demand for a nerve graft or other measures to bring about an end-to-end 


nerve suture is necessary. 

Also, earlier repair can be accomplished, therefore less secondary changes in the 
periarticular structures, and degeneration in the muscles themselves. Consequently, any 
method which can be devised permitting end-to-end suture, easier, with less tension, and 
ezrlier, certainly offers a tremendous advantage over the type of injury which we saw in 
the last war, which as Doctor Naffziger said, permitted suture only after a relatively 
long delay. 

With the advent of the sulfanilamides, not only applied locally but the possibility of 
taking these internally, certainly it would permit an earlier suture. It is interesting 
that Doctor Davis’ work shows that the application of the drug locally interferes in no 
wise with the down-growth of the neuraxis and the repair of the nerve itself. 

It is important to know that the drug does not increase the scar tissue within the 
nerve, and that the amount of increased scar found does not interfere with nerve regenera 
tion. 


Dr. FrepertcK L. Retcuert, San Francisco, Calif.: Those who teach surgery would 
welcome the article in the United States Naval Medical Bulletin for February, 1944, on 
“Working Rules in the Field,” by Comdr. Holman, with the assistance of Col. Oughterson, 
and a number of others. 

They state, in chosen words, that with nerve injuries approximate the nerve ends 
with silk or wire, not to make a complete suture but to get the ends together; fix th« 
joints in order to relax those nerves whose parts have been destroyed. They emphasize, 
in just a few paragraphs, the importance of the sulfonamides in the wounds, as Doctor 
Davis has pointed out, experimentally, and they emphasize from actual experience the 
necessity of approximating nerve ends, not suturing them but getting them into position 
so that at a subsequent time suture can be undertaken. 


Dr. J. Arpert Key, St. Louis, Mo.: This paper is important to me on account of 
tie local use of sulfonamides. I saw Doctor Meleney this morning, and he said he still 
was not ashamed of the report which he read last year before this Association, and that 
everything he had heard since he read that report had tended to confirm the opinions 
expressed in it; namely, that sulfonamides do not reduce the incidence or the severity of 
wound infections when used locally. 

I do not think he can see anything more convincing than this. I do not know what 
is the matter with New York City. It may be that new knowledge cannot penetrate the 
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c2tacombs, or it may be that facts get lost in that punch-card machine which they use, but 
it seems to me that everything I have seen or heard during the past year has confirmed 
iny opinion that local sulfonamides should be used in wounds, and that this is further 







proof of that theory. 







Dr. Frank L. Meteney, New York: I had not intended to discuss this paper, but 
1 am willing to stand back of what-I said to Doctor Key this morning. 

I think these are very interesting experiments that Doctor Davis has carried out 
I would like to point out, however, that the work has been done with cats, which are 








quite dissimilar to human beings in their reaction to infection. They are usually much 





mcre resistant to infection than human beings, and yet he has found a high incidence of 






infection among his controls. 






Going over the figures, although the groups are small, I find that there is a con 






sistency which is hard to get away from, and all of them (except one or two of the 






smaller groups) fulfill the requirements of the biostatisticians as to significance. 
I think, therefore, we will have to accept those figures, and his statement that the 
sulfonamides have definitely reduced the incidence of infection under the experimental 








conditions with which they have been used in his stuay. 
One of his statements, however, seems inconsistent, namely, that by 12 hours’ time all 







of the wounds showed evidence of infection, and yet his figures for infection, both in the 
controls and in the treated cases, were considerably below 100 per cent. Does Doctor 
Davis mean that the infection seen at 12 hours subsided spontaneously in certain of the 








control cases and in a higher number in the treated cases? It is in these groups in 






which no prophylactic drugs were used for 12 or 24 hours that the figures do not meet 






the full requirements of the biostatisticians as to significance. 
We will await with interest the reports from the front as to the efficacy of these 
drugs in human cases under combat conditions. I have yet to see a large series of well- 





















controlled figures which have come from the front which bear out Doctor Key’s contention. 

Doctor Elliott Cutler has reported a small series of controlled cases with about 100 
in each group, treated and nontreated, in which the incidence of infection was almost 
identical with our own figures, and showed no lowering of that incidence in drug-treated 
cases. The reports that Capt. Ferguson brought back were entirely without controls, 
and I am still going to maintain the accuracy of our observations until I can see some 
really convincing reports of well-controlled studies made by unprejudiced observers. 

I believe that the sulfonamides minimize the general spread of infection and thus lower 
the incidence of sepsis and death, but something interferes with the’r local action in the 
presence of damaged tissue so that they do not lower the incidence of local infections in 
wounds. The problem of the prevention of local infection in wounds still remains to 
be solved. An appraisal of penicillin is now under way. 


Dr. Loyat Davis (closing) : I find myself involved in a discussion between Doctors 
Meleney and Key about the use of the sulfonamides. I want to make it clear in the 
beginning that I have simply attempted to present the results of experiments without bias. 

The following colored slides will show the gross effects of gunshot wounds of 
nerves at various intervals of surgical débridement following injury in which sulfanilamide, 
sulfathiazole, and sulfadiazine were used. The point which we wish to make is that the 
best method of treatment for peripheral nerve injuries is an end-to-end suture performed 
as soon after injury as possible. The effect of infection upon the results of peripheral 
nerve suture has been well established. It is our opinion that these experiments give 
support to the view that if the sulfonamides are used at the time of débridement in gun- 
shot injuries and if a peripheral nerve suture must be done several months later because 
of concomitant injuries to bone and soft tissue, then that wound so treated can be incised 
and the nerve sutured with less danger of lighting up an infection than if the sulfonamides 
had not been used. Further, our position is that we have no microscopic evidence which 
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> SULFONAMIDES IN GUNSHOT WOUNDS 

would show that regeneration of nerve fibers is interfered with by the sulfonamides. We 
are in entire disagreement with the opinion that the ideal method of treatment is to 
delay the suture. During that period of delay the effector mechanisms have so suffered, 
in that there will be an atrophy of muscle and fibrosis of joints, that even if nerve regenera- 
tion occurs the result will be poor. In the European Theatre of Operations we saw many 
cases of soft-tissue injury and fractures of bones complicated by peripheral nerve injuries 
which had been received in the North African campaign. When they arrived in England 
the wounds were healed, and in a large number of them the sulfonamides had been used 
at the time of the first surgical trimming of the wound. These wounds were incised, the 
rerves sutured after the bone had healed or skin grafts had been applied, without develop- 
ment of infection. We made it a rule to introduce sulfonamides locally into the wounds 
at the time the peripheral nerves were sutured. The emphasis, therefore, should be 


upon the practical surgical aspect of repairing a peripheral nerve injury as early as 


possible in order to obtain the best possible functional result. 





THIOURACIL IN THE PREPARATION OF 
THYROTOXIC PATIENTS FOR SURGERY* 
Howarp M. Cuiutr, M.D., anp Rospert H. Wittiiams, M.D. 
Boston, Mass. 


FROM THE DEPARTMENT OF SURGERY, BOSTON UNIVERSITY SCHOOL OF MEDICINE, AND THE 

MASSACHUSETTS MEMORIAL HOSPITALS, AND FROM THE THORNDIKE MEMORIAL LABORATORY, 

THE SECOND AND FOURTH MEDICAL SERVICES (HARVARD), BOSTON CITY HOSPITAL, AND THE 
DEPARTMENT OF MEDICINE, HARVARD MEDICAL SCHOOL, BOSTON, MASS. 


EVERY PHYSICIAN AND SURGEON realizes that a method which can be used 
to lower the metabolism and improve the clinical condition of the thyrotoxic 
patient before operation is of the greatest importance. Those of us who have 
operated upon toxic goiters in the pre-iodine era recall very clearly the tre- 
mendous decrease in the mortality and morbidity of these cases after Henry S. 
Plummer taught us to prepare the patients with Lugol’s iodine solution. In 
spite of the many benefits produced by iodine in the management of toxic 
goiter, however, everyone realizes that it has left much to be desired in many 
cases. Some patients do not have a return of their metabolism to normal and 
are still toxic after prolonged iodine treatment. Multiple-stage thyroidectomies 
are still necessary in a small percentage of cases regardless of the time or type 
of preoperative iodine treatment. With the recent addition of thiouracil7 to 
the surgeon’s armamentarium it would appear that we have at our command 
an agent which will reduce the toxic thyroid patients’ metabolism to normal, 
will produce a remission of symptoms and a gain in weight before surgery is 
undertaken. In fact, it is distinctly possible that surgery will, in the near 
future, be unnecessary in many exopthalmic goiter patients. 

The medical treatment of hyperthyroidism with thiouracil is the direct 
result of about three years of research work on goiter by pharmacologists, 
endocrinologists and clinicians, and is an outstanding example of the results 
that may accrue to medicine from the combined efforts of men in different fields 
who concentrate on a single problem. Physicians have known for many years 
that certain drugs would produce goiter, but not until 1941 were agents dis- 
covered which were goitrogenic in animals in spite of the administration of 
iodine. The hyperplasia and hypertrophy of the thyroid was apparently a 
work hypertrophy of the gland resulting from a cessation of the production 
of the thyroid hormone. 

Kennedy and Purves! gave rats a diet of brassica (rape) seeds and pro 
duced goiters which histologically showed hyperplasia and hypertrophy of the 
acini with a complete absence of colloid. It is most important that these changes 
are not affected by iodine feeding. MacKenzie and MacKenzie? produced the 
same result by giving rats sulfonamides and thioureas. They concluded that 
these drugs produced a depressing influence on the functional activity of the 
thyroid and hence on the basal metabolism. Richter and Clisby,* also, in this 
same year reported similar experiences following the use of phenylthiourea. 





* Read before the American Surgical Association, May 3-4, 1944, Chicago, Ill. 
+ Thiouracil was supplied by Lederle Laboratories, Inc., Pearl River, N. Y. 
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Astwood,‘ in 1943, reported his studies on the chemical nature of 106 
compounds which inhibit the function of the thyroid gland. He found that 
thiouracil was the most goitrogenic of these and was, therefore, probably the 
best drug to try in the clinical treatment of hyperthyroidism. 

As a result of this and other experimental work, Astwood® first tried 
thiourea and later thiouracil for the treatment of three thyrotoxic patients. A 
fall in the basal metabolic rate occurred with a concomitant clinical im- 
provement. 

Williams and Bissell® next reported the use of thiouracil in nine more 
patients with hyperthyroidism, all of whom made similar clinical improvement 
and had a fall in their basal metabolic rate to normal. Still later, Williams 
and Clute’ reported on the treatment with thiouracil of 72 patients with thyro- 
toxicosis, the majority of whom obtained a normal metabolic rate and a remis- 
sion of the disease. It is apparent that thiouracil reduces the metabolism in 


hyperthyroidism to normal and produces a regression of the clinical symptoms 


of the disease. 

We wish to report today, with especial reference to the surgical aspects, 
our experiences in treating 115 thyrotoxic patients with thiouracil only, or with 
thiouracil and thyroidectomy. Of these 115 patients, 81 were treated with 
thiouracil without surgery and 34 were treated with thiouracil and surgery. 
The results to date of the purely medical treatment of 50 cases have been 
reported by Williams and Clute.’ In the great majority of cases the basal met- 
abolism became normal and the toxic manifestations of the disease disappeared. 
When the protein-bound iodine of the plasma was studied it returned to normal 
after thiouracil therapy. Furthermore, all patients who have continued to take 
thiouracil have remained in a normal state. 

In view of these observations, one naturally asks the question, “In what 
cases of hyperthyroidism should we perform a thyroidectomy, and in which 
ones can thiouracil be used with thyroidectomy?” This question cannot be 
adequately answered until a large number of cases treated with thiouracil have 
been followed for several years. 

While awaiting further knowledge on this subject, it has been our plan to 
perform a thyroidectomy in the following situations: (1) In patients having 
a very large goiter ; (2) in patients who live far away and cannot readily have 
frequent check-up examinations; (3) in patients who through ignorance or 
temperamental difficulties cannot be depended upon to carefully follow medical 
treatment; and (4) in the small number of cases who have undesirable reac- 
tions to thiouracil. 

Thirty patients whom we have operated upon after thiouracil treatment 
have had typical uncomplicated exophthalmic goiter. Four cases have been of 
toxic adenomatous goiter. In this disease we believe that surgery is desirable, 
because there is a large mass of thyroid tissue in the neck, and also because 
ef the chance of later substernal extension. We have not treated any single, 
discrete adenoma with thiouracil since we believe these cases must all be 
treated as premalignant lésions and removed. We have treated with thiouracil 
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15 patients with persistent or recurrent toxicity after thyroidectomy. Some 


of these subjects had been operated upon two or three times. All have 
responded satisfactorily to thiouracil, and, thus far, further surgery has not 
been necessary. This has been one of the most helpful uses of the drug that we 
have encountered. 

The preoperative preparation of thyrotoxic patients with thiouracil is 
considerably more simple than it is with iodine. The average patient with 
hyperthyroidism, who is not seriously ill, is sent to the hospital for a general 
examination, a basal metabolism test, and for examination of the blood and 
urine. She is then started on thiouracil in doses of 0.2 Gm. three times a day 
at about eight-hour intervals. Within a day or two, depending somewhat on the 
patient’s understanding of the problem, the great majority of the patients are 
sent home to take 0.6 or 0.4 Gm. of thiouracil a day. The patients are per- 
mitted to carry on with their usual work but are requested to return at inter- 
vals of two weeks for a check-up metabolism and blood test. 

A careful follow-up is most important in these patients. They must not be 
lost sight of, because of the danger of possible complications from thiouracil. 
Some particularly uncooperative or ignorant patients have been kept on the 
ward because we feared that they would not return for follow-up studies or 
that they would not continue their treatment. 

The length of time necessary for the metabolism to return to normal varies 
with the severity of the intoxication and probably even more with the type of 
gland present. A toxic patient who has taken iodine for a long time and has 
marked storage of colloid in the thyroid will respond to thiouracil much more 
slowly than a patient who has received no iodine. This seems to be related to 
the colloid content of the thyroid acini and particularly to the amount of thy- 
roid hormone stored in the gland. 

We treat patients with thiouracil for about five weeks preceding thyroidec- 
tomy. During this interval the patient is given thiamin chloride, 5 mg. daily, 
and urged to eat food containing much carbohydrate and protein. 

When, from clinical examination and basal metabolism tests, the patient 
appears ready for surgery, she is admitted to the hospital. Usually, she is 
operated upon two days after entrance and returns home on the sixth or sev- 
enth postoperative day. 

Exceptionally toxic cases and thyrocardiacs are kept in the hospital under 
immediate supervision until the patients are either well enough to go home to 
continue their preoperative treatment, or are ready for surgery. One unusually 
sick patient (Miss B. LaB.) with exophthalmic goiter may be briefly cited. 
Her thyroid gland was eight to ten times normal size. She entered the hospital 
on the verge of a gastro-intestinal crisis. She was given Lugol’s solution, 
intravenous fluids and glucose, and after 17 days was taken to the operating 
room for ligation of the superior poles of the thyroid. Her pulse varied on the 
table between 160 and 180. No operation was undertaken. Thiouracil treat- 
ment was started and iodine gradually withdrawn within ten days. After 
three weeks she improved sufficiently so that a hemithyroidectomy was suc 


506 





jurgery 
1944 


ome 
lave 

not 
tT we 


1 is 
vith 
eral 
and 
day 

the 
are 
er- 
ter- 


t be 
cil, 

the 
; or 


ries 
of 
has 
ore 
| to 
hy- 


Volume. 190 THIOURACIL IN THYROTOXIC PATIENTS 


Number 4 
cessfully carried out. Six weeks later the metabolism had fallen to normal and 
the left lobe of the thyroid was removed. Thiouracil helped very greatly in 
this case when it became apparent that the patient would not respond to iodine. 
We believe, from later experiences, that longer preoperative treatment with 
thiouracil would probably have permitted a safe one-stage thyroidectomy. 
Certain patients, perhaps ten per cent, have complications from thiouracil 
of sufficient degree to necessitate discontinuation of the drug. The most 
serious complication that has been reported is agranulocytosis. This appeared 
in one of Astwood’s six early cases, and in one of Williams’ and Clute’s‘ 
cases. In one of these patients much larger doses of thiouracil were used than 
are now believed necessary. In some cases leukopenia has occurred, but with 
a decrease in dosage it has been possible to continue with the drug. The blood 


picture in each patient and especially their clinical condition must be followed 


carefully in order to avoid complications. 

Several patients developed a morbilliform rash, with itching, which soon 
disappeared, although treatment was continued. Three patients developed 
urticaria. In one case this disappeared when thiouracil was stopped for a few 
days, and did not return when it was again started. In the two other patients 
the urticaria, joint pains and fever were so severe that the drug was stopped, 
iodine was given and surgery was undertaken. It is wise, we believe, to give 
thiouracil with great care to any patient known to have any allergic symptoms. 
Other milder reactions occurred from thiouracil, such as nausea and vomiting, 
but were never sufficiently severe to necessitate stopping the use of the drug. 

The clinical improvement in these cases was usually noticeable in a few 
days after starting thiouracil unless the patients had been taking iodine for a 
long time. [odinized patients responded more slowly than others. The changes 
in the basal metabolic rate are best shown by the charts (Figs. 1, 2 and 3). The 
patients felt better and appeared improved days before their metabolism showed 
any major change. 

During the period of preoperative preparation, usually, the thyroid gland 
became smaller and firmer. The active pulsations, thrills and bruits tended to 
disappear. In some cases the goiter seemed to become larger as treatment 
progressed, but this was unusual. 

In most patients having a stare and a widened palpebral fissure, improve- 
ment in the eyes occurred as their general condition improved. In five cases 
there was marked edema of the lids with exophthalmos, such as one sees early 
in cases of malignant exophthalmos, and these patients became worse when 
thiouracil was used. In one, the ocular changes were so severe that corneal 
ulcers developed. Thyroid extract, 32 to 96 mg. per day, was used in conjunc- 
tion with thiouraeil, with improvement in all of the patients. In individuals 
showing manifestations of malignant exophthalmos, apparently, the minimal 
effective dose of thiouracil should be used to bring the metabolism to normal. 
Overtreatment may lead to an increase in the exophthalmos. 

At the time of operation the thyroid gland in thiouracil-treated patients 
was quite firm, resembling the consistency of the untreated hyperplastic 
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Fic. 2.—Chart showing the fall in basal metabolism of thyrotoxic patient prepared for surger 
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Fic. 3.—Combined chart of preoperative and operative course of thyrotoxic patient treated with 
thiouracil. Note the failure of the metabolism to fall from the second to fourth week with two small 
doses of the drug, and its rapid decline with increased dosage. Note the smooth operative course. 
The metabolism and pulse rate were normal seven days after operation. 
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thyroid. The thyroid glands were not as vascular as they are in untreated 
cases, although the superior and inferior arteries were still of large caliber. 
The tissue surrounding the gland was at times densely adherent to it and 
cleavage planes were hard to establish. There was more bleeding encountered 
in some of the thiouracil-treated cases than in the iodine-treated cases, and it 
was necessary to spend quite a little extra time in its control. 
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Fic. 4.—Histologic section of thyroid gland from patient with hyperthyroidism, 

after metabolism had been brought to normal with th iouracil. Note the small amount of 

colloid, the tall, columnar cells of the ini and the relatively few papillary projections. 
Histologically (Fig. 4), the thiouracil-treated hyperplastic gland showed 
very little colloid. The cells of the acini were tall and columnar. Many of the 
acini were small and contracted—only a few showing papillary projections. 
There seemed to be an increase in interstitial tissue between the acini. There 
s little histologic difference in the glands of patients treated a few weeks 
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and patients treated many months. In patients who received both iodine and 
thiouracil there were definite increases in the colloid contents of the acini over 
those who had received no iodine. 

The operative course in thyrotoxic patients treated for five or six weeks 
with thiouracil was remarkable only for its smoothness. They reacted, as 
would patients with a normal metabolism, to a moderate surgical procedure, 
with no marked changes in pulse or blood pressure. The postoperative course 
was equally smooth and uneventful. The nervousness, activation and marked 
tachycardia, seen so often after operation upon patients whose metabolism has 
been brought close to normal by Lugol's solution, were entirely absent in these 
cases. The striking thing about the operative and postoperative course of 
thiouracil-treated cases was the absence of anything striking. 

This was not true in the cases operated upon after only Io or 14 days of 
thiouracil therapy. These patients were still toxic and, postoperatively, had 
the activation, tachycardia and fever, that would be expected. When treatment 
was continued for five weeks, or longer, and the metabolism had reached 
normal, postoperative reactions were negligible. Thiouracil was stopped four 
to six days after operation. 

From the point of view of the anesthetist the induction and maintenance 
of these patients is quite like that of any patient with a normal metabolism. 
Dr. Eleanor B. Ferguson, who gave the anesthetics, found it necessary to use 
only average amounts of preoperative sedation. Toxic goiters treated with 
Lugol’s solution require far heavier preoperative medication than do thiouracil- 
treated patients. Cyclopropane and oxygen has been the anesthetic of choice 
in all of our thiouracil-treated cases. Their course under anesthesia has been 
smooth and uneventful. From the viewpoint of anesthesia these patients no 
longer present a difficult or complicated problem. 

We have to report one fatality in a thiouracil-treated thyrocardiac patient. 
This patient had had thyrotoxicosis for ten years, and had been treated 
throughout this period with iodine. She had had auricular fibrillation for over 
a year. She received thiouracil therapy for eight weeks. With this treatment 
her metabolism became normal, her clinical improvement was marked and her 
fibrillation ceased a few days before operation. She died about three hours 
after an uneventful thyroidectomy, probably from an embolus. Her pulse was 
84 and her blood pressure 120/80, 15 minutes before death. 

The late results after subtotal thyroidectomy in these cases have been very 
satisfactory. The metabolic rate has remained at normal in 33 cases. In one 
case a slight recurrence of toxicity has appeared, which was readily and com- 
pletely controlled by small doses of thiouracii for a few weeks. In one case the 
basal rate had gone below normal for a few weeks, but with no special treat- 
ment has returned to normal within a few months. It is probable that occasional 


postoperative myxedema will be seen in patients who have considerable thy- 
roiditis, associated with hyperplasia in their thyroid glands. 

The four thyrocardiac patients have done exceptionally well. The absence 
of severe postoperative reactions has helped materially in making their final 
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recovery smooth and rapid. It is significant that nine thyrocardiac cases treated 


with thiouracil alone have done equally well. 
The 15 patients with hyperthyroidism, recurrent or persistent after oper- 
ation, have all been completely controlled with thiouracil, and are apparently 


well. No secondary operation has been necessary in any of this group. 


CONCLUSIONS 

In hyperthyroidism thiouracil reduces the basal metabolism to normal, 
with a corresponding decrease in the symptoms of the disease in almost all 
cases. 

Which toxic goiter patients should be treated with surgery as well as 
thiouracil, and which cases can be managed with thiouracil alone, is a matter 
for continued study. A small percentage of patients are sensitive to thiouracil. 

The operative and postoperative course of thyrotoxic patients prepared for 
surgery with thiouracil has been remarkably smooth and uneventful. The late 
results in the operated cases have been excellent. 

Thiouracil is a valuable addition to our means for treating hyperthyroidism 


and for preparing patients with this condition for surgery. 
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Discussion.—Dr. JOHN DEJ. PEMBERTON, Rochester, Minn.: I feel that this Asso- 
ciation is deeply indebted to Doctors Clute and Williams for presenting to us an account 
of their experience with thiouracil in the treatment of hyperthyroidism. Their series is 
the largest that has been published and the excellent results obtained speak for themselves. 

The application by Astwood of the goitrogen, thiouracil, to the treatment of exoph- 
thalmic goiter was a brilliant piece of work. It has furnished a new tool for the study 
of thyroid physiology and has made an important addition to the available therapeutic 
agents. The ultimate status of thiouracil in the treatment of hyperthyroidism cannot. 
it seems to me, be clearly defined at present. It is obvious from the observations of 
Doctors Clute and Williams that it will play. an important rdle in the preparation for 
surgical treatment of some patients with exophthalmic goiter. I agree with them that 
cne of its most logical and important uses may be in the preoperative treatment of these 
patients who, because of the severity of hyperthyroidism, are unusually poor surgical risks. 
lt also may be of value in cases of similarly high surgical risk because of complicating 
conditions added to severe hyperthyroidism. It seems doubtful to me if the present low 
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surgical mortality in cases of exophthalmic goiter of moderate or slight severity can b¢ 
lowered by preparation with thiouracil rather than iodine, as the risk in such cases is 
already about as low as it is in cases of adenomatous goiter without hyperthyroidism. 

It seems desirable to emphasize some pathologic reactions which may accompany 
the use of thiouracil. Williams and Bissell have reported transient edema with depres 
sion of the carbon dioxide combining power of the plasma and elevation of the plasma 
chlorides. At the Mayo Clinic, we have noted a similar reaction in two cases in which 
thiouracil was administered because of severe recurrent exophthalmic goiter. In both 
cases, the reactions were so severe and so persistent that the administration of the drug had 
to be discontinued. In one of these cases the reaction was accompanied by swelling of 
the face, marked somnolence, muscular twitching, myoclonic spasms, incoherent slurred 


speech, vertigo and severe headache. This reaction occurred on each of three occasions 


when the drug was given. Although the basal metabolic rate fell to normal during the 
first period of treatment, after the administration of the drug was stopped, it rose to 
higher than previous levels. On two occasions the reaction occurred when the basal 
metabolic rate was between 0 and plus 10 per cent, and on the third occasion, when it was 
pius 70 per cent. This case, and others, will be reported in detail by Haines, Keating 
and Power. 

We have seen no serious instance of agranulocytosis among the patients we have 
treated, but frequently have noted depressions of the leukocyte count. In all our cases 
with this reaction the leukocyte counts have risen to normal rapidly after the adminis 
tration of the drug was discontinued temporarily. 

I hope that the method of determining the concentration of the drug in the blood, which 
recently has been described by Williams, will be of help in determining the dose accurately 
and also in helping to anticipate some of the untoward reactions. 

We have been hesitant, because of possible toxic effects of the drug, to use thiouracil 
as the sole therapeutic agent unless some complicating condition has made surgical treat- 
ment out of the question. In the few cases in which the patients were so treated, however, 
the results have been excellent up to date, but we feel that the patients should remain 
under observation during the entire period of treatment. 

I look forward with great interest to the subsequent developments which thiouracil 
and related drugs will bring in the treatment of hyperthyroidism, and feel confident that 
its position will be one of importance. 


Dr. Roscore R. GraHam, Toronto, Canada: We are indebted to Doctor Clute for 
his contribution to the treatment of thyroid disease with thiouracil. 

Our series is very much smaller, but there have been three groups of cases of 
hyperthyroidism in which we felt that thiouracil therapy was of great value. First, in 
the differentiation of the group of cases where the problem is to determine whether we 
are dealing with a case of hyperthyroidism or an N.C.A. syndrome. In our series, there 
are three cases in which the lack of response to thiouracil was the determining factor 
in establishing the diagnosis. 

In the second group, we include the thyrocardiac patient who has suffered from 
circulatory failure. We are able, with the long-continued administration of thiouracil, 
to obtain before operation the maximum restoration of cardiovascular efficiency, which 
would not be possible with iodine therapy. 

In the third group, we have patients suffering from an acute infection which has 
precipitated them into an acute hyperthyroid state. Again, the ability to carry on the 
prolonged administration of thiouracil permits the patient to recover from the disastrous 
effects of the infection, and operation can be undertaken at the optimum time. 

Our group, headed by Dr. Walter R. Campbell, of the Department of Medicine, feels 
that with this small series we are unable to give any judgment as regards the possibility 
of avoiding operation by this management. We are very conscious, however, of the 
fact that agranulocytosis is a real hazard, and that the patients must be followed with 
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extreme care. It is encouraging that Doctor Clute gives us some hope that in their group 


this type of therapy may make it possible to avoid an operation permanently. 


Dr. WarrEN H. Core, Chicago, IIl.: I would like to report that we, likewise, have 
had favorable results in a very small series of cases, but I want to ask Doctor Clute one 


question regarding a type of reaction which we have had, and which he may have also 


encountered. 

On two or three occasions, we have had an increase in symptoms when we gave 
thiouracil. The cardiac rate would increase up to 130 or 140; sweating, nervousness and 
other manifestations likewise increased. This flare-up in symptoms was so pronounced 
that we were reluctant to continue therapy with the drug, and discontinued it. 

I would like to ask Doctor Clute if, with a smaller dose and continuing on through 


that initial period of two or three days, would the acute flare-up subside ? 


Dr. Howarp M. Cute (closing) : We cannot yet be certain as to the full value of 
thiouracil or of the permanency of its effects. Longer study of more cases treated by 
various men will give us a better insight of its true place in hyperthyroidism. 

Certainly it is true, however, that in most toxic goiter cases’ thiouracil will reduce 
the metabolism to normal and make an almost inoperable case safely operable. In fact, 
in many of these cases after weeks of treatment, a new observer would doubt the diagnosis 
of thyrotoxicosis. 

I have not seen the complication Doctor Cole speaks of. It seems to us safest to 
stop thiouracil at once when any severe complication arises, and revert to the use of 


iodine and surgery. 





THE RELATIONSHIP OF PROTEIN DEFICIENCY TO 
SURGICAL INFECTION* 
Pau. R. Cannon, M.D., Ropert W. Wisster, M.D., 
Rosert L. Wootriper, M.D., anp Eart P. Benpirt, M.D. 
Cuicaco, Int. 
FROM THE DEPARTMENT OF PATHOLOGY, UNIVERSITY OF CHICAGO, CHICAGO,, ILL. 
THE CONSEQUENCES of a prolonged period of negative nitrogen balance in 
a surgical patient will depend upon the preoperative abundance of the 
protein reserves and the postoperative degree of their depletion.’ 2 % 4 5 6 
The significance of these reserves is even yet not fully realized despite the 
many recent studies indicating their dynamic relationship to the plasma 
proteins.” 
safety-factor in that, as a rule, a postoperative loss of nitrogen will be less 


g 


Their amount and availability, however, constitute an important 


serious, coming from abundant protein stores than from ones already depleted 
because of protracted debilitating disease. Moreover, if before operation upon 
a hypoproteinemic patient, the tissue-protein deficit can be at least partially 
corrected by the administration of high-quality proteins, the chances of 
survival should be considerably improved, provided that the mechanism 
responsible for blood protein synthesis has not been too severely damaged 
by the underlying pathologic process. 

Nutritional emphasis upon protein metabolism in surgical conditions has 
usually centered around such problems as the relationship of albumin loss, 
regeneration and replacement, to surgical shock, burns, blood loss, nutritional 
edema, wound healing, liver impairment and anesthetic injury, and com- 
paratively little consideration has been given to the function of proteins in 
the prevention or amelioration of postoperative infection. Yet infection is 
an ever-present surgical menace, and the best surgical technic may be of 


slight avail in a markedly hypoproteinemic patient. Although infection 
may develop even under conditions of good nutrition, it is more likely to 


become menacing or even lethal when basic immunologic mechanisms are 
seriously impaired. For example, infection tends to become especially 
threatening in association with marked malnutrition, starvation or wasting 
disease, or with such chronic debilitating diseases as malignancy (especially 
of the gastro-intestinal tract), nephritis, cirrhosis of the liver, ulcerative 
colitis and the like, where inanition is actually a prominent part of the 
pathologic picture.® 7° 

Nevertheless, such patients may be operated upon with little realization 
by the surgeon that they are in the danger zone of severe hypoproteinemia. 





* Read by invitation at the annual meeting of the American Surgical Association, 
May 3, 1944, Chicago, II. 

The experiments here reported were aided by grants from the John and Mary R 
Markle Foundation, The National Livestock and Meat Board, and The Douglas Smith 
Foundation for Medical Research of the University of Chicago. 
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The following brief case history illustrates the latter point. A white female, 
35 years of age, was operated upon for the removal of a carcinoma of the 
rectum. The operation, a combined abdomino-perineal resection, was per- 
formed under continuous spinal anesthesia. For 24 hours postoperatively 
the patient did well; then the temperature rose to 103.6° F. ‘The posterior 
incision was opened and 5 Gm. of sulfanilamide were placed in the wound, 
but despite this and various supportive measures she died on the third 
postoperative day. Necropsy revealed a generalized fibrinopurulent peri- 
tonitis. Immediately after death cardiac blood was taken for total protein 
estimation; this was 3.98 Gm. per 100 Ml. of serum. The history revealed 
that during the last two years she had lost 52 pounds in weight (159 pounds 
to 107 pounds). This severe loss of weight reemphasizes the fact stressed 
by Studley’’ that postoperative fatality rates tend to parallel the extent of 
the preoperative weight loss. Thus, Studley observed, in patients who had 
had a preoperative weight loss of more than 20 per cent of their normal 
weight, a postoperative fatality rate of over 30 per cent. In several of these 
patients, moreover, there was wound disruption and terminal pneumonia. 

Pneumonia and other types of postoperative infection obviously develop 
because the primary defense barriers have failed to prevent bacterial pene- 
tration into the deeper tissues; the consequences of this failure must depend 
upon the combined and complementary activities of the forces of natural 
and acquired resistance and the ability of these forces to restrict further 
microbic growth and spread. An important question is, therefore: Do nutri- 
tional conditions influence these two types of resistance, and, if so, how? 

It is to be expected that profound undernutrition and its concomitant 
depletion of the protein reserves should influence adversely the mechanisms 
of natural resistance, because a protracted period of protein deficiency leads 
eventually to marked atrophy of the liver, spleen, bone marrow and lymphoid 
tissues; and from these tissues most of the phagocytic cells originate. More- 
over, inasmuch as protein is the basic material from which all tissues ulti- 
mately are constructed, the absence of protein stores necessary for further 
construction of leukocytic reserves might also reduce the continued produc- 
tion of phagocytes, particularly if protein synthesis were further impaired 
as a consequence of an advancing infection. 

Of equal, if not greater, importance with respect to the harmful poten- 
tiality of many of the common pathogenic micro-organisms is acquired 
resistance. Acquired resistance differs from natural resistance mainly 
Lecause of the antibody mechanism, and there is no reason to believe that 
antibody action is restricted to only particular kinds of infection. In fact, 
pathogenic bacteria, once they have entered the tissues, are foreign 


5] ) 
ail 


proteins; hence they are antigenic stimulants, both locally and generally, of 
the antibody mechanism. Antibodies, collaborating with phagocytes, promote 
bacterial localization and thus help to bring incipient infections quickly 
to an end. It is only when antibodies are weakly formed, as, for example, 


when the antibody mechanism functions at a lowered level, that anti- 
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bacterial defense presumably must depend upon the latent potentialities 
of natural resistance. It would seem obvious, therefore, that the capacity of 
the antibody mechanism to respond effectively will determine both the 
extent and outcome of many types of infection, especially those which are 
otherwise imperfectly combatted by the forces of natural resistance. 

In an effort to ascertain more precisely the nature and functions of the 
antibody mechanism we have been investigating its relationship to protein 
metabolism. The role of proteins in antibody production did not become 
apparent until after the demonstration that an antibody is actually a modified 
tissue protein, a molecule of globulin. This fact suggests, however, that 
the problem of antibody production is but a part of the larger problem of 
protein synthesis. In a series of publications we have presented evidence 
supporting this hypothesis and indicating that both the acquisition and 
retention of specific resistance may be determined largely by an adequate 
intake and utilization of dietary protein.'* 1} ™ 

In the present paper additional evidence is submitted demonstrating that 
impairment of the antibody mechanism is one of the sequelae of protein 
undernutrition and that, when there is a lack of essential amino-acids normally 
required for the formation of serum globulins, antibody synthesis cannot 
proceed optimally, even if all the other known necessary dietary factors are 
present. Before presenting this evidence, however, a few of the reasons 
supporting our general hypothesis will be summarized briefly under three 


categories, viz., (1) the relationship of protein ingestion to the synthesis of 


normal globulin; (2) the relationship of protein ingestion to the synthesis 
of antibody globulin; and, (3) the relationship of protein deficiency to 
antibody synthesis and antibacterial resistance. 


THE RELATIONSHIP OF PROTEIN INGESTION TO THE SYNTHESIS 
OF NORMAL GLOBULIN 


There is now good evidence that the fabrication of normal serum globulin 
is dependent upon the utilization of an adequate assortment of amino acids. 
For example, Whipple, and his associates, have shown “that globulin forma- 
tion is directly dependent upon diet.” Thus, in summarizing their experi- 
mental findings Madden and Whipple say® “the same 100 grams of beef 
serum which produced 38 grams of total plasma protein produced approxi- 
mately 21 grams of albumin and 17 grams globulin. The addition of 
100 grams bran flakes to a kidney basal diet results in the formation of 
about 12 grams albumin and 11 grams globulin. Since it has been 


shown that 100 grams casein will yield only 5 grams albumin and 
7 grams globulin, and 100 grams gelatin 5 grams or less of each, it becomes 
apparent that, as measured by phasmapheresis, diet regulates globulin 
production equally as well as albumin.” 

The question remains, however: Does normal globulin originate only 
from nonessential amino-acids or does it require for its synthesis an adequate 
supply of several or even all of the essential amino-acids? 
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Chemical evidence concerning the structure of globulin should help to 
clarify the problem of its synthesis. Although complete amino-acid analyses 
cf normal serum globulin are still lacking, there is evidence that it contains 
several of the amino-acids essential either for adequate growth of the white 
iat or for maintenance of nitrogen equilibrium in man. Improved methods 
ef amino-acid analysis are necessary, however, before a final answer can 
be given. In the meantime we are utilizing a biologic method for the 
evaluation of protein quality which furnishes additional evidence that serum 
globulin probably contains all of the amino-acids essential for the growing 
rat. The method consists in the daily ingestion by a hypoproteinemic adult 
white rat of known quantities of a test-protein, followed by the recording of 
weight recovery and serum protein regeneration at the end of a seven-day 
feeding period. The daily ration is adequate in calories, vitamins and salts, 
and has as its principal source of nitrogen the protein to be tested. An 
incomplete protein, such as gelatin, for example, will induce only slight 
serum protein regeneration and weight recovery, whereas a complete protein 
will cause both a marked serum protein regeneration and weight recovery. 
We have demonstrated by this method that purified globulins, of either bovine 
or human origin, and composed predominantly (over go per cent) of gamma 
globulin, are also high quality proteins. Thus in every instance in which 


they were tested, serum protein regeneration and weight recovery resulted 
practically as effectively as in animals fed the highest quality meat proteins. 


Il. THE RELATIONSHIP OF PROTEIN INGESTION TO ANTIBODY SYNTHESIS 


All recent evidence has tended to strengthen the view that an antibody 
is but a specifically-modified molecule of normal globulin. An antibody 
molecule, therefore, in common with a normal globulin molecule, must be 
synthesized from amino-acids present in the food or stored and available 
in the protein reserves. But, inasmuch, as only a portion of the globulin 
fraction of normal serum contains antibody, more attention must be given 
to the antibody-containing portion. This so-called gamma fraction is char- 
acterized by its slow mobility in the Tiselius electrophoretic cell. Although it 
INay not contain every type of antibody, at least several kinds have been 
demonstrated in immune serums from the horse, rabbit, rat, monkey and man. 
These antibodies, moreover, are interchangeable between species. Thus, 
rabbit and horse immune serums are suitable for antibacterial therapy in man, 
and human serum can react specifically with micro-organisms which infect 
lower animals. Furthermore, nutritional conditions which influence the 
fabrication of blood proteins, as for example, albumin, globulin and hemo- 
clobin, act essentially alike in the dog, rat and man. There is reason to believe, 
therefore, that these basic mechanisms of protein synthesis function similarly 
ii all mammalian species. Furthermore, the concentration of the globulin 
traction in man tends to rise in infections characterized by hyperproteinemia, 
such as tuberculosis, syphilis, lymphogranuloma, sarcoid, leichmaniasis, 


517 














































CANNON, WISSLER, WOOLRIDGE AND BENDITT erred yes 


ober, 14 


rheumatoid arthritis, lupus erythematosus, efc. In some instances, also, 
there is a concomitant increase in the amount of gamma globulin. 

Normal human serum contains around 25 mg. per MI. of globulin; of 
this, approximately 8 mg., or about one-third, may be gamma globulin.’ 
It is in this one-third of the globulin fraction, therefore, that the anti- 
bodies are found. Furthermore, inasmuch as the rise and fall in concen- 
tration of antibody globulin may parallel that of total globulin, a hypo- 
globulinemia may be accompanied by a corresponding decline in the amount 
of gamma globulin. Conversely, however, hyperglobulinemia does not necessi- 
tate an increase in the gamma fraction or in its antibody-containing portion, 
because during the time of the rise, as for example, during the process of 
reversal of the albumin-globulin ratio, antigenic stimulation might be absent. 
In hyperimmune animals, however, as much as 35 per cent of the total globulin 
fraction has been found to be antibody globulin. It should be borne in mind 
also, that inasmuch as more than two-thirds of the total globulin fraction 
presumably has no relationship to antibody content, concentration of this 
fraction in the blood (alpha and beta globulin) might rise and yet have no 
relationship whatever to a decreased content of antibody gamma globulin 


or to depletion of the gamma globulin reserves. 











SYNTHESIS 





RELATIONSHIP OF PROTEIN DEFICIENCY TO ANTIBODY 
AND TO ACQUIRED RESISTANCE TO INFECTION 


THE 





III. 





If our interpretation of the foregoing facts is correct, protein inadequacy 

nd concomitant depletion of the protein reserves should lead in time to 
impairment of the capacity of a protein-depleted animal or patient to fabricate 
gamma globulin. This we have shown to be true for the production of 
agglutinins, precipitins and hemolysins, both in rabbits and white rats. Such 
animals also react less effectively against certain spontaneous and induced 
infections. 

Our experiments with rabbits indicated that severe protein deficiency, 
in association with general undernutrition, lowered markedly the levels of 
serum protein and hemoglobin concentration and induced a significant 
decrease both in the rate and quantity of antibody output. In order to ascer- 
tain more precisely the effects of protein depletion upon the antibody- 
forming mechanism, experiments utilizing the hypoproteinemic adult white 
rat were performed in animals, which, during the period of protein depletion, 
were fed a diet presumably adequate in other nutritional elements. When the 
rats had become markedly hypoproteinemic they were injected intravenously 
with antigen in order to determine the output of antibody. As controls, rats 
which during the period of protein depletion in the first group, had been 
fed a diet identical in every respect except for the presence of 22 per cent 
casein, were similarly injected. 

The compositions of the rations fed to the two groups of animals were 
as follows: 
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(Per 100 Gm. of Ration) 
Ration 3Et Ration 3Ct 


Ground THOGR CASrOts. 55. .5 os ccc cce's TS Rate Adewees 30 Gm. 30 Gm. 
Ruffex...... anatee A ae Hees i” 5 Gm. 5 Gm. 
Lard. 5c , wy" 4 Gm. 4 Gm. 
Cornstarch. . saber aS Racha ta ; 44 Gm. 22 
Came (V0. CURE SUNGEO) 5. ose i sceces P E none 22 
Osborne & Mendel salt mixture*...... ee : ; Gm. 4 
Dried Brewer's yeast (Mead Johnson).... ; ap be ce Gm. 2 
Liver concentrate (Wilson & Co. 20:1)f....  ekeret ole ; Gm. 1 
Water... . MI. 10 
Calcium pantothenate..... eee a eta . gamma 200 gamma 
Pyridoxine HCl......... ‘ p gamma 200 gamma 
Riboflavin. .... er vasa ptrediess sale onda ; gamma 500 gamma 
Choline chloride. : cates mg. 100 mg. 
Oleum percomorphum: 

—vitamin A... P se ‘ : 200 USP units 200 USP units 

—vitamin D.. shetgtrt stake areas "edie 9] its ; 29 USP units 29 USP units 


* Hawk and Osers modification plus 1 Gm. each of copper sulphate and zinc chloride added to the trace 
elements. 

tGenerously supplied by the pharmaceutical laboratories of Wilson and Company, Chicago. 

tRation 3E contained approximately 2 per cent of protein in contrast to the 22 per cent of case in 
ration 3C. Both rations contained two rich sources of B complex vitamins in addition to those present in the 
raw carrots and added as synthetic vitamins. 

The rats (Sprague-Dawley strain) were kept in large wire-mesh cages 
with wire bottoms, six animals per cage; throughout the experiment each 
rat received 20 grams of ration per day. Consumption was good in both 
groups, falling off only in the animals on the low-protein group as they 
lost weight. Water was given ad libitum together with 20 grams of leaf 
lettuce per rat per week. 

Table I summarizes the essential data with respect to initial weights, 
length of dietary periods, weight gains or losses, and concentrations of serum 


protein and hemoglobin at the time of injection of the antigen. 


TABLE I 


Av. Values at Time of Antigen Injection 





Av. Serum 

No. Initial Wt. Loss Protein 

of Wts. Diet or Gain Gm. % 
Animals (Gm.) Diets Period (Gm.) Concentration 


304 3C 5 mos. + 23 6.68 
316 3E 5 mos. —119 4.24 
307 3C 6 mos. + 49 6.71 
315 3E 6 mos —151 4.39 


Blood for the various determinations was obtained from a tail vein in 
t Ml. amounts. Serum protein concentrations were determined routinely 
by the specific gravity method of Barbour and Hamilton.1* This method, 
in our experience, has checked consistently (+ 0.2) with the micro-Kjeldahl 
method of Ma and Zuazaga’® and the direct biuret method of Kingsley.?® 
It affords a relatively simple and rapid way of determining serum protein 
concentrations in small quantities of serum or plasma. Hemoglobin con- 
centrations were determined by means of the Dick-Stevens photo-electric 
hemoglobinometer.”° 
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After the above data had been obtained all rats were injected simultaneous]; 
in a tail vein with 1 MI. of a 0.25 per cent suspension of washed sheep's 
erythrocytes. The cells were always centrifuged at the same speed and time 
at the last washing before preparation of the suspension either for injection 
of hemolysin titration. A sample of blood serum taken from each animal 
before the antigen was injected was titrated for evidence of naturally- 
occurring hemolysin, starting at a serum dilution of 1-00; only an occasional 
serum contained hemolysin and none showed complete hemolysis at this 


dilution of serum. 





Titor 
(Hemolytic units) 
AVERAGE HEMOLYSIN TITERS OF SERUMS FROM 
NORMAL AND PROTEIN DEPLETED ADULT MALE 
RATS AFTER A SINGLE INTRAVENOUS INJECTION 

OF SHEEP’S ERYTHROCYTES 


Average total! protein 
value AOOce serum 


—--— Depleted 4.24 GMs. 
Normal 6.68 ” 





Average titers (12 rats per group) 
5 days 8 days 12 days 20 days 
Depleted 320 270 104 77 
Normal 3320 2880 655 355 











Cuart I 
For the hemolysin titrations a method used originally by Hektoen*! was 
employed, modified in that a 2 per cent suspension of washed sheep's erythro- 
cvtes in 0.85 per cent salt solution (0.2 MI.) was mixed with 0.3 MI. of 


appropriately diluted inactivated immune serum and from 0.1 to 0.15 MI. of 
a I-6 dilution of pooled fresh guinea-pig serum. The complement in the 
guinea-pig serum was always titrated in association with the pooled inac- 
tivated serums from three protein-deficient rats which had been injected 


intravenously with sheep’s erythrocytes; from one and one-half to two units 

were used in the final titrations; the titrations to determine hemolytic activity 

were all done simultaneously, using the double dilution method at a beginning 

serum dilution of 1-60. The hemolytic titer was taken as the highest dilution 

of serum showing complete hemolysis, all titers being recorded after incuba- 
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s Titer 
eep s (Hernolytic units) 
2 AVERAGE HEMOLYSIN TITERS OF SERUMS FROM 
time NORMAL AND PROTEIN DEPLETED ADULT MALE 
RATS AFTER A SINGLE INTRAVENOUS INJECTION 


a 10 
ction OF SHEEPS ERYTHROCYTES 
imal | 


ally- 
ional Aver 
‘age fotal protein 
thi value JOOce serurry 
-— — — Depleted 4393 Gms. 


—— Norma! 671 @* 





Average titers (i2rats per group) 

4 days 6 days 10 days 15 days 
35 465 373 60 

270 4360 2050 239 














SERUM PROTEIN FRACTIONS OF NORMAL 
AND PROTEIN DEPLETED RATS 





Pooled Serum from 
12 Controls (J 
\2 Depleted Sa 





—>—-_..... 
Sodium Sulfate Fractions of Globulin 
14.2 % 17.7 % 21.5% 














Tota! protein Globulin 


678 aos \A7 1.35 


4.35 OO5 ogs 1.02 











Cuarr III 
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tion at 37° C. in a water bath for two hours and storage overnight in a 
refrigerator at approximately 4° C. 

The results for two groups of animals are shown graphically in Charts 1 
and 2, where it is seen that at the peak of antibody-output (6-8 days) the 
average hemolysin titers for the normal sera were approximately ten times 
higher than those from the protein-depleted rats; the differences are also 
striking at the later periods. In other words, the animals with abundant 
protein reserves and an adequate protein intake were able, on the average to 
fabricate approximately ten times as much antibody as were those with 
depleted reserves and the low-protein diet continued during the period of 
antibody production. 

Besides demonstrating a decreased capacity to fabricate antibody, the 
protein-depleted rats also manifested a definitely increased tendency to develop 





Protein, 


Gre% 
7.0 


60 SERUM PROTEIN FRACTIONS OF NORMAL 


AND PROTEIN DEPLETED RATS 

50 

Pooled Serum from 
12 Controis | J 
12 Depleted Da 


40) 


30 


| 


= 


Tota! protein Sodium Sulfate Fractions of Globulin 
% Na: SO. 142% 17.7% 2.5% 





aio L24 1.62 
Q00 O59 1.12 











Cuart IV 


spontaneous infection. For example, in the first experiment three of the 
twelve hypoproteinemic rats died during the following three weeks; at the 
end of this period, moreover, four others exhibited varying degrees of 
clironic abscessive pneumonia. In the second experiment nine of the twelve 
hypoproteinemic rats showed, when sacrificed, a chronic abscessive pneu- 
monia. In contrast, none of the control rats in either group showed any 
gross evidence of pulmonary infection. 

In addition to testing antibody titers the serums were also pooled in 
order to ascertain the comparative concentrations of albumin and the various 
globulin fractions in each group. The results are shown graphically in 
Charts 3 and 4. 

Procedures—Serums from 12 rats of each group were pooled (0.1 M1. pet 
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rat) and a total protein determination made on 0.1 Ml. in duplicate (biuret 
method).!® The remaining portions of serum were then mixed with various 
concentrations of sodium sulfate according to the procedure of Howe.?* 78 
Serum (0.3 MI.) was added to 4.5 Ml. of a solution of sodium sulfate to give 
a final sulfate concentration of 14.2 per cent, 17.7 per cent and 21.5 per cent. 
After mixing, the tubes were allowed to stand overnight at room temperature 
(around 25° C.). Next day the mixtures were centrifuged and residual 
protein determined in the supernates. From the results shown in Charts 3 
and 4, it is evident that the rats on the low protein diet developed both hypo- 
albuminemia and hypoglobulinemia, with diminished concentration of all 
three globulin fractions, viz., euglobulin, and pseudoglobulins I and II. 
Discussion.—We have demonstrated by both immunologic and chemical 
methods that in the blood serums of protein-deficient rats there is a lowered 
concentration of antibody globulin and of three globulin fractions. This indi- 
cates definitely the adverse action of protein deficiency upon protein reserves 
and their capacity to generate serum proteins. In many surgical conditions 
there is also both a preoperative and a postoperative loss of various serum 
protein fractions, as into exudates, from hemorrhage or through the kidneys. 
Furthermore, undernutrition caused by an inadequate intake, absorption or 
utilization of high-quality protein may also lead to a steady depletion of 
after operation. This loss of 


the tissue protein reserves, both before and 
and when a potentially patho- 


tissue proteins may finally become critical if 
genic micro-organism enters tissues unprepared to mobilize the forces of 
acquired resistance. 

It is obvious, moreover, from these experiments, that reliance upon the 
so-called albumin-globulin ratio for the determination of the state of the 
tissue protein reserves is inadequate. We need to know not only whether 
the globulins are in a lowered concentration, but particularly whether there 
is a diminished concentration of the gamma globulin fraction. If the total 
serum globulin concentration is low, the gantma fraction will also probably 
be low; if, on the other hand, the serum globulin is present in normal or 
elevated concentration, either condition may be due to an increased con- 
centration of alpha or beta globulin and reveal nothing about the concentra- 
tion of gamma globulin. What is actually needed is a quantitative clinical 
method for determining the concentration of gamma globulin. 

In the absence of such a method dependence must be placed upon clinical 
procedures, such as evaluation of the extent of the preoperative weight loss 
and total serum protein determinations. The latter must be done, however, 
after proper attention to the problem of rehydration of the patient’s tissues. 
If the total serum protein concentration is found to be less than 5 grams 
per 100 MI. of serum, preoperative protein repletion should be attempted, 
if possible, either by ingestion or intravenous administration of high quality 
proteins, in order both to reduce the tissue protein deficit and to build up 
a backlog of protein reserves available for antibody production in the 
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event of a developing infection. For unless the antibody globulin reserves 
can be repleted through the utilization of a proper supply of essential amino 
acids, infection cannot be effectively combated through the intermediation of 
the antibody mechanism. 

Since gamma globulin is a high quality protein, it presumably contains 
many if not most of the essential amino-acids. For its synthesis, therefore, 
it is necessary to provide an abundance of essential amino-acids in the protein 
reserves or in the daily food. In experiments to be reported later we have 
demonstrated that, when high quality proteins are fed to hypoglobulinemic 
rats, the animals quickly regenerate immune globulin, as evidenced by the 
rapid recovery of their capacity to produce specific antibody. This does 
not happen, however, when poor-quality proteins are fed. The inference 
seems warranted, therefore, that in patients with depleted globulin reserves, 
repletion necessitates the ingestion or intravenous administration of proteins 
containing all of the essential amino-acids. The further effects will obviously 
depend upon the patient’s ability to convert these amino-acids into tissue 


proteins, including antibodies. 


SUMMARY AND CONCLUSIONS 


Both the frequency and severity of postoperative infection depend largely 
upon the capacity of the individual to mobilize the protective forces of natural 
and acquired resistance. These forces are dependent, basically, upon protein 
metabolism, acting through the agency of amino-acids ingested in the food or 
readily available in the tissue protein reserves. Attention has been directed 
in the present discussion to the role of the blood and tissue globulins, especially 
the gamma globulin fraction, in the mechanism of acquired resistance, and 
to their origin from dietary amino-acids. . Evidence has been presented indi- 
cating that, to the extent that protein deficiency leads to depression of the 


capacity of certain tissues to fabricate antibody globulin, the potential ability 
to elaborate specific antibodies is concomitantly impaired. The implications 
of such protein depletion with respect to starvation, particularly in surgical 


patients, are discussed. 
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EMERGENCY GASTRECTOMY FOR ACUTE PERFORATION 
OF 
CARCINOMA OF THE seta cle. WITH DIFFUSE SOILING 
OF THE FREE PERITONEAL CAVITY* 
J. Dewey Biscarp, M.D., 
Omana, Nes. 
AND 


Lizut. W. OveRMILLER, M.C., U.S. N. 


ACUTE PERFORATION OF CARCINOMA Of the stomach into the free peritoneal 
cavity occurs so infrequently that few surgeons have had an opportunity to 
observe more than a single case. Invariably the encounter has been un- 
anticipated. The abdomen has been opened upon a diagnosis of perforated 
peptic ulcer and the situation managed without the advantage of precedent 
in personal experience and probably in most instances without knowledge 
of the experience of others. Furthermore, since many of the perforations 
occur in small ulcerating carcinomas without gross metastases there has 
been failure in many instances to recognize the malignant character of the 
perforated ulcer,’ with the result that it has been managed as a_ benign 
lesion by simple closure of the perforation. Incidentally, this fallacy can 
be prevented by the routine practice of immediate pathologic examination 
of a biopsy from the border of all perforations encountered on the gastric 
side of the pyloric sphincter. 

Any surgical treatment short of resection in the resectable cases is of 
doubtful value. Granting the desirability of resection, the question arises, 
should resection be performed as an emergency gastrectomy in the presence 
of diffuse soiling of the peritoneum or should it be reserved for a secondary 
operation contingent upon recovery from the primary operation of simple 
closure of the perforation. 

Because this and other questions relating to this entity can be answered 
only by the accumulation of many isolated individual experiences, it seemed 


justifiable to record our experience with a single case and to add a 
statistical compilation of the reported cases to date. 


Case Report.—J. S., Negro, male, age 49, was readmitted to the hospital depart- 
ment of the Union Pacific Railroad at 2 p.m., December 6, 1942, writhing with general- 
ized abdominal pain. The onset had been sudden four hours previously with severe pain in 
the epigastrium which diffused rapidly throughout the abdomen and then to the top of both 
shoulders. He had vomited a small amount of clear fluid soon after the onset. 

He related that for one year he had had burning and gaseous distress in the epi- 
gastrium which came on two or three hours after meals and during the night, and that 
this distress was relieved by the ingestion of food or alkalis. 

On his first admission, three months previously, a diagnosis of duodenal ulcer 


* Read by title before The American Surgical Association, May 3-4, 1944, Chicago, Ill. 
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had been made upon the basis of a persistent deformity of the duodenal cap, with a 
ten per cent five-hour gastric retention, normal free and total acids, and the repeated 
presence of occult blood in the stools. Aiter ten days hospitalization on an ulcer 
regimen he was totally, if only temporarily, relieved of symptoms. 

The patient presented the classical signs of perforated ulcer, with the confirmatory 
roentgenographic evidence of free gas in the peritoneal cavity. 

Operation was performed one hour after admission and five hours after onset of 
symptoms. Upon opening the peritoneal cavity there was an escape of much gas 
and “dishwater” fluid. The latter seeped from a diffuse distribution throughout the 
abdomen. The stomach, delivered into the wound, presented a small perforation on 
the superior aspect of the anterior wall approximately three inches proximal to the 
pylorus. Palpation revealed that the perforation was located in the center of a crater 
the size of a silver dollar which had a wide, hard elevated border confluent inferiorly 
with a similar border surrounding a smaller crater. Except for a few questionable 
lymph nodes along the lesser curvature there was no evidence of metastases. A small 
piece of tissue was excised from the edge of the perforation and examined in frozen- 
section. The pathologist returned a report of adenocarcinoma. 

Confronted with a situation regarding which we had no knowledge, we reasoned 
that healing of a perforation through carcinomatous tissue would be unlikely and, since 
the lesion appeared to be a very favorable one for resection, an immediate subtotal 
gastrectomy, even in the presence of a soiled peritoneal cavity, seemed a justifiable 
and logical procedure. Consequently, a resection of the Polya-Balfour type was per- 
formed. Five grams of sulfanilamide crystals were distributed over the peritoneal 
surfaces, and the peritoneal cavity closed without drainage. The wound in the abdominal 
wall was washed copiously with salt solution, dusted with sulfanilamide crystals and 
drained. 

Pathologic Examination.—“A large segment of stomach, with attached mesentery. 
Eight centimeters from the pylorus there is a crater, which measures four and one-half 
centimeters in diameter, with a central perforation the size of the head of a match. 
Adjacent is a smaller crater measuring one and one-half centimeters in diameter. 
Both are surrounded by induration which disrupts the normal mucosal pattern. On 
the serosal surface there are thickening and fibrinous changes over the area of 
perforation. No nodes were found in the attached tissue. Sections from the borders 
of the crater show well-formed glands with well-differentiated cells containing hyper- 
chromatic nuclei. There is occasional mitosis, also invasion of the muscularis. Patho- 
logic Diagnosis: Perforated ulcerating adenocarcinoma of the stomach, Grade II, with 
no metastases to nodes of the attached mesentery.” 

The immediate convalescence was entirely uneventful. Ten days following dis- 
missal from the hospital the patient developed a fever and a plueritic type of pain at 
the base of the right chest. He was readmitted to the hospital and a small right sub- 
phrenic abscess drained. 

He returned to work in four months and has remained free of symptoms and 
apparently well, now one year and four months following operation. 


In this case there was the advantage of a record of complete gastro- 
intestinal studies three months prior to perforation. The normal acidity 
of the gastric contents which soiled the peritoneal cavity was probably an 
important factor in preventing a bacterial peritonitis. The typical ulcer 
ustory of one year’s duration, in addition to normal acidity, raises the 
question whether the carcinoma was the sole and primary lesion or had its 
origin in a preexistent benign ulcer. The low grade of the tumor and the 
absence of demonstrable metastases made for a very favorable prognosis. 
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One hundred and twenty years ago Laennec recorded in his case book 
an instance of perforation of carcinoma of the stomach with peritonitis. Since 
then the case reports which have appeared in the literature have been collected 
periodically. In 1934, Arid reviewed previous analyses and assembled 71 
reported cases. To these he added one of his own, and seven other cases 
treated in the Royal Infirmary at Edinburgh. 

From a review of the literature since 1934, the writers collected an addi- 
tional 138 cases in which the diagnosis had been established at operation or 
postmortem examination. In approximately one-half of these cases no opera- 
tion had been performed. 

The combined series of 217 cases gives an ergoneous conception of the 
incidence of perforation. Unquestionably, only a few of the total number 
of cases have been reported. A more accurate impression can be gained from 
several available surveys of case records and autopsy reports. In these the 
incidence varies from 2.8 to 6.0 per cent, as follows: Brinton, 21 perforations 
in a total series of 507 cases of carcinoma of the stomach; Ditrich, seven in 
110; Lange, 12 in 210; Tornow, nine in 255; Jaissou, six in 135; McNealy 
and Hedin, 116 in 3,289; and Caseburg, seven in 247. 

In only seven of the 217 cases was it alleged that a correct diagnosis had 
been made prior to operation or postmortem examination. More astonishing 
was the failure, in the majority of instances, to recognize at operation that 
perforation had occurred in a carcinomatous crater instead of a benign peptic 
ulcer. As stated previously, this fallacy can be prevented by routine prac- 
tice of frozen-section biopsy from the area of perforation in all gastric 


perforations. The failure to recognize the presence of the carcinoma suggests 


that the majority of carcinomas which perforate are small and relatively 
confined lesions, presumably suitable for resection. This premise has been 
Lorne out at the autopsy table. In these cases there is, therefore, the possi- 
bility of considerable salvage of life. 

From a study of 46 case histories collected from the literature, Chavannaz 
and Radoievitch distinguished four clinical types: (1) Cases with a sudden 
onset of severe epigastric pain and manifesting the typical signs of a per- 
forated peptic ulcer; this preceded by a long or short history of dyspepsia; 
(2) cases differing from (1) only in respect to absence of previous dyspepsia ; 
(3) cases with an insidious onset exhibiting signs of a gradually progressive 
peritonitis ; and (4) cases that die of peritonitis and at no time have symptoms 
to direct attention to the abdomen. About 70 per cent of the cases are types 
(1) and (2). 

Records of gastric analyses were presented in eight of the histories reviewed 
by Arid, and in 15 of our collection. It is interesting that achlorhydria was 
present in only four cases, and that in most of the cases the acids were normal 
or excessive. This finding has been offered as further evidence that carci 
nomas which arise in the presence of normal acids are ulcer-carcinomas, and 
arise in preexistent peptic ulcers. It can also be reasoned that a penetrating 
peptic ulcer can develop in a carcinoma. The break in the mucosa initiated by 

528 





Volume 120 PERFORATED GASTRIC CANCER 


Number 4 


the new growth exposes the underlying tissue to the digestive action of the 
gastric secretions which may rapidly penetrate the wall and be responsible for 
the perforation. Irrespective of this academic question, certain facts stand out. 
As in our case, the cases with normal and high acids had long histories of 
dyspepsia usually typical of ulcer and upon perforation presented a clinical 
picture and pursued a course identical with that of perforated peptic ulcer. 

Too little data is available to determine definitely the influence of achlor- 
hydria. Such as there is, suggests that carcinomas, in the absence of acid, per- 
forate as a result of necrosis rather than ulceration and the perforation is 
likely to be relatively painless and silent, or if sudden and painful then rapidly 
fatal from septic peritonitis. 

The two important problems relating to perforated carcinomas of the 
stomach are, first, recognition of the carcinoma by routine biopsy ; and, second, 
operative management. In approximately 50 per cent of cases a hopelessly 


incurable situation exists as a result of advanced peritonitis from septic soiling 


or delayed intervention or because the tumor is not resectable. 

There is no question about the desirability of resection of resectable lesions ; 
only a question of when it should be undertaken. In an endeavor to answer 
this question the results of the various methods of management used in the 115 


cperated cases of the collected series are as follows (Table 1): 


TABLE I 
RESULTS OF OPERATIVE PROCEDURES IN 115 CASES OF PERFORATED GASTRIC CARCINOMA 
Operative Procedure Recovered Hospital Deaths 
15 
34 


Drainage alone........... 

Simple closure (with or without drainage) 

Local excision with simple closure. . 

Simple closure and gastro-enterostomy 

Simple closure and jejunostomy 

Jejunostomy alone 

Primary simple closure and resection at subsequent operation 
(1) Planned 
(2) Corrected* 

Primary resection 


78 
* Perforation at primary operation misdiagnosed peptic ulcer and proved malignant by subsequent develop- 


ments and studies. 


A mortality of 80 per cent following simple closure of perforations is 
understandable. Several reports contained remarks about the difficulty in 
obtaining satisfactory closure. Because sutures cut through the rigid and 
friable carcinomatous tissue, a few surgeons had to resort to suturing a patch 
of omentum over the perforation. In most instances postmortem examination 
showed failure of healing, with continued or subsequent leakage. This very 
considerable and inescapable hazard vitiates the theoretic advantage of the 
staged-method of management—that is emergency closure of the perforation 
by suture followed some days or weeks later by gastrectomy. In our collected 
series, six of the cases which recovered following primary closure were subse- 
quently subjected to gastrectomy. Only three of them, or 50 per cent, sur- 
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vived. In two cases, the two-stage procedure had been planned at the initial 
operation ; in four, the perforation had been closed in each instance upon the 
assumption that it was a perforated peptic ulcer. After subsequent events and 
studies had proven these cases to be perforated carcinomas, resection was per 
formed. Furthermore, it is apparent from the histories that several additional 
cases which failed to survive simple closure had resectable lesions which prob- 
ably would have been resected at a second operation. 

For comparison with this record of two-stage management, there are avail- 
able in the literature the records of 15 primary resections, including our case; 
with the incredible result of only two fatalities, a mortality of only 13 per cent. 

In the series of cases collected by Arid there were seven primary gastrec- 
tomies, with no mortality. McNealy and Hedin reported seven primary gas- 
trectomies, with two fatalities, in a group of cases collected by them from the 
records of Cook County and Wesley Memorial Hospitals. Both authors 
expressed the opinion that the superior results from primary gastric resection 
should be accepted with certain reservations. They believed that it was rea- 
sonable to assume that cases subjected to gastrectomy were in the most 
favorable general condition, and that there is probably a tendency to report 
solitary successes and for the failures to be absent from the literature. These 
intangible factors in the available data make a comparative estimate of the 
merits of the single- and two-stage operations impossible. However, it is our 
opinion that the hazard of a gastrectomy in the presence of a diffusely soiled 
peritoneal cavity has been grossly overestimated, and the hazard of leakage 
from a sutured perforation in carcinomatous tissue much underestimated. 


CONCLUSIONS 
1. Acute perforation into the free peritoneal cavity is an infrequent but 
not a rare complication of carcinoma of the stomach. 
2. Approximately 50 per cent of carcinomas which perforate are otherwise 
resectable upon the basis of generally accepted standards. 
3. In many perforated carcinomas there has been failure at operation to 


recognize the presence of a neoplasm. This fallacy can be prevented by routine 


frozen-section examination of a biopsy from the edge of all gastric per- 
forations. 
4. For resectable lesions emergency primary gastrectomy is the operation 
of choice. 
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In 1940, one of us saw in consultation on the Medical Ward at the 
Massachusetts General Hospital a 62-year-old man who had been admitted 





to the hospital because of a massive hemorrhage from a duodenal ulcer. 
His bleeding stopped and an elective subtotal resection of his stomach was 
performed six weeks later. He died on the eighth postoperative day from 
a general peritonitis. At autopsy, the infection was found to arise at the 
duodenal stump, although no actual perforation could be demonstrated. 









One year later, a 57-year-old man was operated upon under similar 






conditions. Six days after subtotal resection, there was leakage*from the 





duodenal stump requiring drainage; this patient did well following his 






second operation. 
As a result of these experiences, and others which we had observed on 






the wards of the hospital, two of us undertook a study of the records of a 
group of patients who had had subtotal resection of the stomach for duo- 






denal ulcer. 

At the Massachusetts General Hospital subtotal resection is the accepted 
operation for intractable duodenal ulcer. By subtotal resection, we mean a 
removal of the distal two-thirds of the stomach to or beyond the pyloric ring, 
or the removal of all of the distal two-thirds except a small segment of the 







antrum from which the mucosa has been excised. 
For purposes of this study, we have excluded those patients who had 





emergency operations because of acute massive hemorrhage and those patients 






upon whom subtotal resection was performed after some previous elective 






surgical procedure had been carried out on the stomach. 
In this paper the hospital morbidity and mortality in 175 subtotal resections 






done in the period 1936-1941 will be analyzed and contrasted with the results 
in 145 resections in 1942 and 1943. As one of many factors producing an 
improvement in the second group, a technic for the performance of subtotal 







gastrectomy in two stages will be described. 












OF THE STOMACH 





IMMEDIATE RESULTS FOLLOWING SUBTOTAL RESECTION 
MASSACHUSETTS GENERAL HOSPITAL 

1936-1941 
One hundred and seventy-five subtotal resections of the stomach were 
performed from 1936 through 1941. Fifty-five of these operations were per- 














* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
+ Now Major, M.C., A.U.S. 
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TABLE | 
PEPTIC ULCER 
179 PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC ULCER 
MASSACHUSETTS GENERAL HOSPITAL—1936 THROUGH 1941 

Mortality 

Location Operative Procedure Deaths Per Cent 
Stomach Classical subtotal resection 
Duodenum Classical subtotal resection 

Antrum left in (Finsterer).... 

Antrum in, mucosa excised 


Subtotal resection in two stages 


BURN cower ses Sosa et re rae 179 10 5.6 

Duodenal ulcer totals ........... TE re eee 124 10 | 
formed for gastric ulcer, with no death. One hundred and twenty-four 
operations were undertaken for duodenal ulcer, with ten deaths, a mortality 
of 8.1 per cent. The various types of operations are shown in Tables I-IV. 


Not only the fatal but also the nonfatal complications have at times 


proven to be very trying in this group of patients, and the 124 cases of 
duodenal ulcer were carefully studied from t's point of view. The results 


of this study are grouped in Table II. There were 27 major postoperative 


TABLE II 
DUODENAL ULCER 


COMPLICATIONS FOLLOWING 124 SUBTOTAL RESECTION OF THE STOMACH 
MASSACHUSETTS GENERAL HOSPITAL 1936 THROUGH 1941 


Fatal Nonfatal 

Peritonitis: 

Cause undetermined 

Duodenal stump.. 
Pulmonary... . 
Hemorrhage (K deficiency) . 
Malfunction of stoma 
Miscellaneous....... 


Total complications—Fatal and nonfatal 7= 37, or 30% 


TABLE III 


CAUSES OF DEATH IN 10 FATAL CASES AFTER RESECTION OF THE STOMACH FOR DUODENAL ULCER 
MASSACHUSETTS GENERAL HOSPITAL—1936 THROUGH 1941 


Case Type of 

No. Age Anesthesia Operation Cause of Death Comment 

31312 51 G.O.E. Finsterer, with Peritonitis,* cause Stomach freed to pylorus 

antrum left in undetermined “stump turned in with diffi- 
culty.” 

112986 . Classical resection Peritonitis from duodenal Recent hemorrhage, active 
stump. No leak demon- ulcer. 
strated* 

118122 G.O.E. Antrumin, mucosa Bronchopneumonia, “‘Large mass at ulcer site.” 

excised ? peritonitis 

285787 Spinal Classical resection Peritonitis—rupture of “Stump never properly turned 
stump* in.” 

158555 G.O.E. Classical resection Peritonitis—rupture of “Ulcer broken into.”’ 
stump* 

201442 Local Classical resection Hemorrhage—K deficiency 

Procaine 

306645 68 G.O.E. Classical resection Bronchopneumonia Recent hemorrhage. 

295426 50 G.O.E. Classical resection Pronchopneumonia. Difficulty with anesthesia. 
General peritonitis* 

98256 49 G.O.E. Classical resection Coronary thrcmbosis* Nearly ready for discharge. 

290661 54 G.O.F. Classical resection ? Uremia 

* Autopsy. 
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complications in this group which were not fatal, but which did endanger 
the life of the patient and prolonged his hospital stay. Thirty-seven, ot 
30 per cent of this entire group, either died or had some serious complications, 
In addition to this, 36, or 31 per cent of the patients surviving operation, 
had an elevation of temperature to 101° F., or more, which did not return 
to a normal level until at least six days after operation. 

A study of the causes of death in the ten fatal cases is instructive (Table 
III). Five, or one-half of the deaths, resulted from peritonitis, proven at 
autopsy, and a sixth case had clinical findings consistent with peritonitis. 
In three of these cases, the autopsy findings definitely showed the duodenal 
stump to be the source of the peritonitis. In two of the cases, it was impossible 
to determine where the peritonitis had originated. Pulmonary complications 
accounted for only two deaths. 

Because our own experience has strongly suggested that the duodenal 
stump and its management played an important role in the morbidity and 
mortality following subtotal resection for duodenal ulcer, the group of ten 
patients having peritonitis following resection were studied with particular 
care. In seven of these ten cases, the infection arose from the duodenal 
stump (Table IV). 

ComMENtTs.—A review of this group of cases, some of the more important 
aspects of which are discussed above, gives rise to certain questions: Why 
is a subtotal resection for gastric ulcer so much safer than it is for duodenal 
ulcer? During a period at the Massachusetts General Hospital when the 
great majority of resections of the rectum and large bowel for cancer are 
performed by the Resident and Junior Visiting staff, why are 64 per cent 
of the resections for duodenal ulcer performed by the Senior members of 
the staff, with a mortality of over 8 per cent? If subtotal resection of the 
stomach is the proper treatment for those cases of ulcer requiring surgical 
intervention, should it not be brought into the group of operations which 
can be safely and well done by any good abdominal surgeon who understands 
the basic principles of intestinal resection and anastomosis? 

Duodenal ulcer is a disease of young and middle-aged people. The average 
age for this entire series is a little over 48 years, the youngest being 17 
and the oldest 76. If the patient survives operation, he has an excellent 
chance of being cured and living a useful and productive life. It seemed 
proper, therefore, that certain objectives should be laid down for the man- 
agement of these cases in a large general hospital such as ours. These 
were formulated somewhat as follows: The mortality for a resection for 
duodenal ulcer should not exceed that following the same operation for 
gastric ulcer. Since duodenal ulcer is a benign lesion; since the average 
age of our patients is 48 years; and since most patients who come to a 
resection for duodenal ulcer have been invalided for varying periods of 


time, expenditure of time becomes secondary to a successful and_ sate 


operation. 
According to our concept of a subtotal resection of the stomach 
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duodenal ulcer, the procedure really amounts to two distinct operations: 
First, the freeing of the duodenum and a satisfactory inversion of the 
duodenal stump. In the presence of an active ulceration with or without 
surrounding induration and edema, this may be a very formidable and time- 
consuming procedure; it may be trying to the surgeon and dangerous to 
the patient. 

The second phase of the operation is the removal of an adequate amount 
of stomach and a careful gastrojejunostomy. This is usually the easier of the 
two. It is also the more important to the patient surviving operation, since 
the permanent benefit which he derives will depend upon the removal of an 
adequate amount of stomach and a satisfactory gastrojejunostomy. As de- 
scribed and carried out by most surgeons, the anastomosis is performed after 
the duodenal stump has been freed and turned in. This means that in many 
instances there has been local soiling; the operator may have been working 
under tension and be tired; and many times the anastomosis is not carried 
gut with the care and deliberation which is essential to the best results. It is 
on the basis of this reasoning that in selected cases we proposed to carry out 
subtotal gastrectomy in two stages. 


SUBTOTAL RESECTION OF THE STOMACH IN TWO STAGES 


Since the early days of subtotal gastrectomy, the problem of the duodenal 
turn-in has vexed the surgeon dealing with duodenal ulcer. In 1918, Fin- 
sterer,' who at that time had already had a wide experience with gastrectomy 
in various forms and had performed 200 anastomotic procedures involving 
removal of the stomach, described his “resection for exclusion” (of the ulcer). 
In this paper he refers merely to the procedure of transecting and doing a 
turn-in proximal to the ulcer, stressing that massive gastric removal and not 
excision of the ulcer itself is the desideratum of the operation. He states 
that in five out of 24 cases he had left the ulcer in, with no untoward results. 

He then goes on to say that if the ulcer is near the pylorus and the 
surgeon elects a resection for exclusion, this naturally involves transsecting 
the stomach proximal to the pylorus, in which case the antral mucosa should 
be excised. He does not give any details of how he does this. He quotes 
Edkins’? work of 12 years before, showing the importance of antral tissue 
in the hormonal control of gastric secretion. 

Wilmanns,® in 1926, states that for two and one-half years he had been 
trying Doctor Finsterer’s procedure of excluding the ulcer, and that when- 
ever this involved transection proximal to the pylorus he carefully excised 
the mucosa and closed the seromuscular remnant with a “button-stitch.” 
Of 37 cases using this technic, he had had one postoperative death. He does 
not state how many of these actually involved antral mucosa excision, as 


the transection was proximal to the pylorus only in those cases where this 
was rendered technically essential by the inflammatory process around the 


pylorus. 
In 1931, Driiner* reiterated this thought, simply stating that antral mucosal 
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removal is mandatory if the duodenal pathology precludes transection distal 
to the pylorus. Bancroft,® in 1932, described this maneuver and brought it 
to light in the English literature. Since that time, this procedure has been 
tried in several clinics, frequently with attendant technical difficulties. Wangen- 
steen® reports two subphrenic abscesses in 13 operations, and recommends 
approximation of the muscular. surfaces of antral wall rather than the usual 
type of turn-in. Allen and Welch’ had one death in their first 13 cases of 
mucosal excision, but have subsequently followed Wangensteen’s recom 
mendations with satisfaction. Excision of the antral mucosa involves a 
bloody dissection with the stomach open and, therefore, potentially contam- 
inates the field with virulent organisms; it involves the closure of a denuded 
and bleeding seromuscular pocket which has often been found to be difficult. 

The resection for exclusion, as conceived by Finsterer, seemed to us to 
represent the ideal first step of a two-stage procedure having as its objective 
the safe removal of the entire lower two-thirds of the stomach. It was 
anticipated that after six to twelve weeks had elapsed, the inflammatory 
process around the duodenum would subside, the ulcer probably heal, and 
excision of the antral segment could then be safely, if not too easily, 
undertaken. 

Stimulated by this background and by the statistical incidence of post- 
operative complications traceable to technical difficulties centering about 
the removal of posterior wall duodenal ulcers in the acute phase, the occurrence 
of an opportunity to try the new technic was welcomed. Early in 1941, 
a patient with a bleeding duodenal ulcer was seen in consultation at the 
Palmer Memorial Hospital. He presented an extremely difficult problem: 
Fifty-two years of age, with an eight months’ history of ulcer, he had been 
bleeding for two days and was in a severe state of nutritional depletion 
and acute blood loss. Attempts to transfuse him into acceptable shape for 
surgery produced extreme thermal reactions which, in retrospect, were 
probably due to anti-Rh agglutinins in his serum. Furthermore, a complete 


pyloric obstruction aggravated his physiologic imbalance. We did_ not 


then, and do not now, think that gastro-enterostomy is a satisfactory operation 
for this, or for any patient with an active ulcer. Therefore, an operative pro- 
cedure permitting the ulcer to heal or removing it seemed the only solution 
to the problem; yet the patient, with an active posterior wall ulcer, a protein 
of 5.3 per cent, and commensurate disorder of water and electrolyte balance, 
fell into the group of patients with duodenal ulcer who are the poorest risks. 

Through a left paramedian incision the stomach was transected at the 
angulus and dissection carried towards the fundus, transecting the stomach 
at the level of an adequate subtotal resection and the anastomosis done. At- 
tention was then turned to the antral end of the stomach; the duodenum 
was seen to be involved in an extensive acute inflammatory mass. There- 
fore, the antral end of the stomach was turned in and the abdomen closed. The 
patient’s convalescence was uneventful; he had no further bleeding, and six 
weeks later the antral end of his stomach was removed through a right 
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muscle-splitting incision. At this operation the field of anastomosis and 
previous dissection was not entered or disturbed in any way. The duodenal 
mass had disappeared, and the tissues in that region, while scarred and 
adherent, had lost their inflammatory character, were no longer involved 
in an acute process, and their removal was a relatively simple matter. 

In this way the patient had been given an adequate subtotal gastrectomy 
conforming in every way to present day concepts, yet with a minimum of 
risk and operative trauma and without excessive expenditure of time. 

Since that time, this procedure has been found useful in situations where 
removal of duodenum in the acute phase of ulceration rendered subtotal 
gastrectomy unjustifiedly hazardous. 

This procedure has now been carried out in 37 cases; and our experience 
with it is extensive enough to draw conclusions -as to its place in gastric 
surgery. 

We are of the opinion that the two-stage gastrectomy will find usefulness 
for the skilled and experienced gastric surgeon in the occasional case where 
the inflammatory fixation of pylorus and duodenum destroys landmarks and 
renders adequate duodenal closure difficult or impossible. For the surgeon 
whose practice includes only occasional gastric resections, the two-stage 
operation offers a safe and reliable procedure which will not subject his 
patient to an unreasonably long or shocking operation. For the Resident 
who is beginning his gastric experience and who wishes to take adequate 
time and care for each maneuver involved in a resection, the procedure is 
ideal. At first, he can do the second stage, becoming acquainted with 
duodenal turn-in procedures, then going to first-stage operations, learning 
to perform a careful anastomosis in an unhurried fashion. Finally, he is 
ready to perform the one-stage operation at a time when he has gained 


self-confidence and practice in both phases of the procedure. 


OPERATIVE TECHNIC 
\s a result of our study of the group of cases mentioned above, and of 
our experience with the two-stage operation, we have formulated a definite 
plan in teaching the Resident Staff on our Service the technic of subtotal 
resection for duodenal ulcer. This plan utilizes the knowledge that the 
removal of the proximal segment of stomach is most easily accomplished 
with the distal end divided and free to manipulate, whereas, the dissection 
around the pylorus is most readily accomplished when approached from the 
leit, with the stomach free. It emphasizes the importance of careful removal 
vi an adequate amount of stomach and a careful, unhurried anastomosis. 
The details of technic are shown in the accompanying illustrations. 
A Levine tube (Nos. 18 or 20 F.) is passed into the stomach on the 
morning of operation and is kept on gentle suction throughout the operation. 
First Stage-—The abdomen is opened through either a left subcostal 
or a left paramedian incision. The stomach is transected between clamps at 


a point at least eight centimeters proximal to the pylorus. If the stomach 
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is large and markedly edematous, the point of transection should be still 
higher. It is of extreme importance in selecting the point of transection that 
a sufficiently long segment of stomach be left at the pylorus to facilitate 
the antral turn-in if this should be indicated. This will usually take more 
stomach than at first seems necessary. The antrum is roughly a triangle 
with the apex at the pylorus; if the segment is too short, it becomes difficult 
or impossible to turn the wide base into the relatively narrow apex. 


lic. 1.—The stomach is transected with a cautery between clamps at least 


proximal to the pylorus. 


Each cut end of the stomach is covered with a gauze sponge which is 
tied in place. A subtotal resection on the proximal segment is carried out 
at the point of election; a gastrojejunostomy is then performed. We prefer 


a posterior anastomosis of the Hoffmeister-type, and if, for any reason, this 
is difficult or impractical, an anterior anastomosis, using a long segment of 
the jejunum (approximately 30 cm. from the ligament of Treitz), is 


established. 

We believe that this procedure should be carried out with deliberation and 
care and every effort made to minimize trauma, and contamination. We 
are particularly careful to avoid manipulation of the jejunum and under 
surface of the transverse mesocolon, which will later come in contact with 
the region of the anastomosis. We believe that local soiling, trauma, and 
resulting adhesions play an important part in postoperative stomal obstructions. 
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While many surgeons prefer the use of nonabsorbable sutures, and feel 


that they are essential to satisfactory results, we use continuous Nos. 00 or 000 


chromic catgut for both the outside and inside layers. If a fine suture is 


used, we feel that the care and precision with which the anastomosis is made 
is of greater importance than the type of material used. If a posterior anas- 
tomosis is used, great care is taken to suture the transverse mesocolon at least 


one centimeter, preferably two centimeters above the line of anastomosis. 
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Fic. 2.—Each cut end is covered with a gauze sponge; a subtotal removal of the proximal seg 
ment is carried out. The gastric remnant is prepared for a Hofmeister anastomosis. The clamp (A) 
ipplied from the greater curvature side is at right angles to the long axis of the stomach and should 


not be angulated towards the esophagus. The triple clamp technic is used on the lesser curvature side 
to facilitate inversion. Insert (B) shows the crushed end after removal of the outside clamp; this is 
losed with an over-and-over suture before the second clamp is removed. 

After the completion of the anastomosis, attention is turned to the antral 
stump. If there is an inflammatory reaction present; if the duodenum is 
edematous or adherent; or if there is any question in the judgment of the 
operator as to the advisability of completing the operation in one stage, the 
end is closed with a double layer of catgut and a single layer of fine cotton 
or silk, and the operation concluded. If, however, the patient is in good condi- 
tion, and the duodenal stump is flexible, the operation is: completed in 
one stage. 

Early in our experience with this operation, we were apprehensive about 
the safety of closing the antral segment in a patient with a high degree of 
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obstruction. We have now done this in patients who were clinically completely 


obstructed, and it is our conviction that if an adequate remnant of antrum 


is left, so that the end can be turned in without trauma or tension, there 
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Fic. 3.—Preparation of the gastric remnant for the anasto- 
mosis. The crushed end has been sutured and the clamp removed 
By gentle downward traction on the end of the first suture (A) 
the upper end is easily and completely inverted. Triple zero catgut 
is used for these layers; a third layer of interrupted No 
cotton or No. 3 silk is used as the outside layer. 
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will always be opening enough through the narrowed duodenum to permit 


passage of the very small amount of secretion which will be present from the 
antral mucosa. 


Jejunostomy for feeding purposes is performed upon patients with diabetes 
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scle mellitus and in those patients whose nutritional status is exceptionally poot 
ens and where immediate jejunal feedings are indicated. 

bonne Second Stage-——Depending upon the condition of the duodenum at the 
time of the first stage, the second step is carried out in from three to twelve 
weeks after the initial operation. The patient is usually discharged in 14 to 16 
days after the primary operation. If too short an interval between operations 
is chosen, the removal of the antral stump and a satisfactory duodenal turn-in 
will be unnecessarily difficult. If the interval is too long, there is the definite 
hazard of the development of a jejunal ulcer. 
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Fic. 4.—The anastomosis is carried out as shown above. 
at the f 


The distal loop of the jejunum is placed 

he greater curvature end of the stomach. A rubber covered clamp is placed on the jejunum but 

not on the stomach. Two layers of No. oo or No. oo00 catgut are used; the anterior layer and ends are 

reinforced by a few No. 70 cotton sutures. The proximal loop about 1 cm. below the line of anastomosis 

is sutured to the lesser curvature of the stomach to protect the inner corner and to relieve any 
tension from the end of anastomosis. 


The abdomen is opened through a right-sided incision, a subcostal incision 
being an excellent approach. We have also used a right rectus-splitting and 
a paramedian incision. The antral segment is readily found; the adhesions at 
its proximal end are freed without difficulty; and the dissection carried 
down to a level at which a satisfactory duodenal turn-in can be obtained. It is 
not necessary to remove the ulcer site. If it is immediately distal to the pylorus, 
the dissection will usually be carried past its bed and an easy turn-in obtained. 
There can be no standard method for turning in this duodenal stump. It 
may be done in one of the classical methods as shown in the accompanying 
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Fic. 5.—In the posterior gastrojejunostomy the cut edge of transverse 
mesocolon is sutured to the posterior surface of the stomach before the anas 
tomosis is started. This suture line is at least 2 cm. above the line of 
anastomosis. Great care is taken to avoid trauma in the region of the anasto 
mosis, particularly to the under surface of the mesocolon. All possible 


manipulation is done from above 
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Fic. 6.—Posterior Hofmeister anastomosis. Suture of transverse mesocolon 
above line of anastomosis at completion of gastrojejunostomy. We are now using a 
tinuous No. 70 cotton for this suture. 
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illustration. At times the lumen is extremely small so that a tie may be 
applied and the end turned in, not unlike an appendix stump. Our experience 
with one difficult case, in which the common and pancreatic ducts were both 
divided during the course of an extremely careful dissection, convinces us 
that there is the occasional case in which the ulceration has been so large that 
when the contracture of healing has taken place, it will be unsafe and unwise 
to attempt dissection down onto the duodenum. Although we have not yet 


Fic. 7.—Steps in closure of antral stump as final step in first stage of two-stage 
operation. Two layers of continuous No. oo catgut are used and a third layer of inter- 
rupted No. 70 cotton. Note that in second and third layers the inversion always starts 
from each corner and ends in the middle. 


done it, we feel quite convinced that there will be the occasional case in 
which the removal of a portion of the antrum and excision of the remaining 
antral mucosa will be the procedure of choice. If this procedure is elected, 
we strongly advocate the technic as described by Wangensteen in which no 
attempt is made to invert the antral end, but rather to approximate carefully 
the denuded muscular surfaces. 
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RESULTS IN TWO-STAGE GASTRECTOMY 

Forty-three patients have had two-stage gastrectomies performed at the 

Massachusetts General Hospital and Baker Memorial, or in private practice 

at the Palmer Memorial Hospital and Phillips House. Of these, four do not 

fall into the primary series comparable to the one-stage gastrectomies reviewed 

in the foregoing sections because they either had previous corrective gastric 

surgery or were operated upon as an emergency procedure because of massive 

bleeding.* One patient had an atypical two-stage procedure not conforming 
to the technic herein described. 
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Fic. 8.—Completed first-stage operation (anterior Hofmeister gastrojejunos 
tomy). Note that there has been no dissection of the antral segment. 


The remaining 39 cases, however, are pertinent to these statistics, have 
had the two stages completed and have been followed long enough to be 
subject to analysis. There have been no deaths. 

These 39 patients are distributed as follows in regard to their service: 

M. G. H. 
West Surgical Service 
East Surgical Service 
Private cases 


* The two-stage operation is not indicated for acute massive hemorrhage. It was 
done in this one case because the local condition of the duodenum forbade any type ol 
direct attack on the ulcer. He died one week later. No autopsy could be obtained, 


but no subsequent bleeding had occurred. 
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The age distribution is essentially that of duodenal ulcer in general, as 
shown in Table V. It is of interest that two of the patients were in their 
it the ‘teens, and two in the eighth decade of life. 
actice 
TABLE V 
lo not 
; TWO-STAGE GASTRECTOMY 
lew ed AGE DISTRIBUTION 
astric Age-group No. of Cases Per Cent 
ussive MT ricci Sebi te eases 2 5.1 
= Se ee eerie ere ere ere eri 0 0 
ming UA hovindic dca dansk iianaens 7 18.0 
EEE ee 7 18.0 
Bin Ss vce vsScauwstuakkiias 13 33.3 
OS rer nore 8 20.4 
RS er epee 2 5.2 
39 100.0 
Of the 39 patients in the group, 36 are males, 3 females. Seventy per 
cent had their operative program completed prior to July, 1943, and have 
been followed for a year or more. 
TABLE VI 
TWO-STAGE GASTRECTOMY 
INDICATIONS FOR GASTRECTOMY 
No. of Cases Per Cent 
Intractability .......... Padeedden i 5 12.8 
CTU 6 6.60506 os besa tvcseses 16 41.0 
Obstruction + recent perf............ 3 Pe 
Obstruction + bleeding (past)....... 6 15.4 
pic os: ee 25 64.1 
Recent severe hemorrhage....... ni 6 15.4 
Carcinoma of pylorus?............... 3 Fe | 
39 100.0 
The indications which brought these patients to surgery are shown in 
Table VI. It should be noted that 65 per cent of the group had obstruction in 
one form or another and that almost 80 per cent were either obstructed, 
had bled, or both. This emphasizes the fact that the two-stage gastrectomy 
finds its greatest usefulness in the extremely poor-risk patient. 
The reasons for selecting a two-stage procedure are tabulated in Table VII. 
It is significant that 80 per cent of the patients had a two-stage procedure 
lave 
TABLE VII 
» be 
TWO-STAGE GASTRECTOMY 
INDICATIONS FOR TWO-STAGE GASTRECTOMY 
No. of Cases Per Cent 
Local duodenal and pyloric reaction.......... CMe suetelaes EN ee? 20 51.3 
Local reaction -+- poor risk.......cccccccccscccrerecereresererecsceces 5 12.9 
Local reaction + recent hemorrhage....... oe re 1 2.6 
ee a on a eip os od de ees bele se sas eee ees 5 12.9 
Re ee ear ee SPS UET CTE 31 79. 
Obstruction <-> 9008 TIBK...0ssc ccc sccccccscccseseccese ee 4 10.0 
. Obstruction + bleeding. ........cccceccccccccccccccccvccsereseseccces 1 2.6 
was ; Peculiar build & mechanics of oper...........-...005- Ne or eae na fe 1 2.6 
. 2 5.1 


Recent hemorrhage + poor risk............ ere paretats wtausee 
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selected because of locally difficult conditions at the duodenum. This is the 
indication par excellence for delaying antral removal and allowing the in- 
flammatory process to subside. 

We have stressed in the previous section that the two-stage procedure is 
well adapted to training of residents. In Table VIII is shown the status of 


TABLE VIII 
TWO-STAGE GASTRECTOMY 
STATUS OF OPERATING SURGEONS 


MASSACHUSETTS GENERAL HOSPITAL 








First Stage No. of Cases Fer Cent 
Senior Visiting Surgeon.......... 13 46.4 
Junior Visiting Surgeon.......... oo) 32.2 
Resident Surgeon............ is 6 21.4 
28 100.0 


Second Stage 


Senior Visiting Surgeon.......... 2 7.4 
Junior Visiting Surgeon.......... 5 18.5 
Resident Surgeon............ is 20 74.1 
27 100.0 
Total operations by Residents 26 47:8 
TABLE IX 
TWO-STAGE GASTRECTOMY 
CoMPLICATIONS OF THE FIRST-STAGE OPERATION 
No. of Cases Per Cent 
et tot Oe tian cea ak Wn bbiekaaneS 6 aawe sb seth neler aren 34 87 
I PEC ET eT TET ER EET LOTTE hae yeen sabes aed bus 5 13 
Malfunction requiring jejunostomy................. das Radek eead Cons 1 
(jejunostomy 16th day—stoma opened 32nd day) 
I I aS hacia cc eauau ce to sdn'snd0% 3 reese ue ‘ 1 
(cleared spontaneously without explanation 
Pulmonary edema requiring oxygen oie he aa : i 
(?fluid—?bronchitis) 
eet DIN II OU eo 655 2 Sic seis eciole wale vince ewese sess be ces 1 
(no explanation) 
Hepatitis—jaundice—?pulm. infarct.................0 cece eee eee 1 





(probably sulfonamide toxicity) 
No deaths 
One jejunal ulcer at 3 months healed, excision of antrum (2nd stage) 

















surgeons performing the two operations on the Massachusetts General Hospital 
cases. It is noteworthy that over 20 per cent of the first-stage operations and 
75 per cent of the second-stage operations were performed by the Resident 
Staff. It should be recalled in this connection that this group of patients 
falls into the bad-risk group, and yet, by employing the two-stage maneuver, 
fully 50 per cent of the total number of operations may be performed by the 
Resident Staff with safety. 


COMPLICATIONS OF THE TWO-STAGE PROCEDURE 





In Table IX are shown the complications of the first-stage operation. One, 
a malfunctioning stoma, was a major complication and required a jejunostomy. 
The stoma opened on the 32nd day, and the patient has done well since. 
This patient had coexistent polycythemia vera. The other four complications 
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were minor and evidently unrelated to the technical procedure employed. 
All subsided spontaneously. 

In Table X are shown the second-stage complications. Three of the 
37 second-stage operations developed complicated courses. Two of these 
were unrelated to the technical procedure and subsided without treatment. 


TABLE X 
TWO-STAGE GASTRECTOMY 
COMPLICATIONS OF THE SECOND-STAGE OPERATION 
No. of Cases Per Cent 


No complications...........+0¢. 36 92.3 
Ee ee eee te ; w30 
Pulmonary edema requiring bronchoscopy. 
Hepatitis, pulm. infarct?........... bse 
Stump blowout, with subdiaph. abscess. . 
No deaths 


— — we 


The patient with hepatitis and a pulmonary infarct had had the same com- 
bination following his first operation ; the same is true of the pulmonary edema 
developed by one patient. The latter case would have done better had he 
had his second stage done under local or spinal anesthesia rather than gas- 
oxygen-ether which, apparently, produced considerable bronchitis and edema. 

One of the second stage complications was major and almost cost the 
patient his life. This was a very difficult duodenal turn-in in an adherent 
posterior wall ulcer. The patient developed a periduodenal abscess which 
was drained and a duodenal fistula which closed spontaneously. He then 
developed a left subphrenic abscess which was drained; this healed, and he 
has done well since. One cannot but speculate on what havoc would have 
been wrought by this sepsis in a patient with a fresh gastrectomy. However, 
in this patient the resection and anastomosis had been done seven weeks 
before, and through his stormy second-stage convalescence he never developed 
any evidence of nutritional imbalance or stomal malfunction. 

Another patient whose postoperative course was quite smooth and who 
does not, therefore, fall into the group of postoperative complications, 
nevertheless, had intraoperative complications in his second-stage operation 
which are of considerable interest. This patient went 14 weeks between 
stages, and at his second stage presented an extremely adherent posterior 
wall ulcer, with the duodenum fused to the pancreas. In freeing up the 
duodenum the common and pancreatic ducts were severed. The common 
duct was anastomosed to the duodenum over a vitallium tube and the cut 
end of pancreatic duct was turned into the duodenum. The patient had 
a smooth convalescence, and has remained well (one year). 

These last two patients have made it clear that the second stage can be 
complicated at times even if the inflammatory lesion has subsided and ad- 
herent scar is the only residual. We have found that difficulties are minimal 
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in those cases which are allowed longest between stages. However, any 
wait of over three months probably begins to run the risk of jejunal ulceration, 
Therefore, we prefer to wait six to twelve weeks between stages and see 
no reason why the patient cannot return to full activity for a part of this 
interval. 








Fic. 9.—Second stage—removal of antral stump. The antrum is exposed through ; t 
right upper quadrant incision. The antral stump readily identified, grasped with Allis 
forceps and dissected free. Inserts 1, 2, and 3 show different methods of placing first 
layer of sutures—depending upon length of duodenal stump. A second layer of No. 000 
catgut and a third layer of interrupted No. 70 cotton are used. 


548 


Ns arate hi! wdc tiann, 
+ 








Pgery 


1944 
ny 
On, 
see 
his 











iu 
b 
j 


Volume 120 GASTRECTOMY FOR DUODENAL ULCER 


Number 4 


RELATION OF ANTRUM TO JEJUNAL ULCER 

One may ask, must the antrum always be removed? Our answer to this 
question is an unqualified “yes!” This conclusion is based upon three con- 
siderations : 

(1) Edkin’s? work demonstrating that a substance in antral mucosa, 
injected intravenously in dogs, produces a massive gastric secretion even in 
isolated gastric tissue. 

(2) The fact that nine patients known to us, one of them in this series, 
developed jejunal ulcers when the antrum was left in for from three to 
thirty-six months after a Finsterer-type procedure. 

(3) The fact that all of these cases have had their jejunal ulcer cured by 
antral excision alone or in combination with a higher resection. 

Review of Edkin’s work and subsequent physiologic investigation of the 
hormonal factors in gastric secretion cannot be detailed here. Suffice it to 
say that, as early as 1906, he had shown that “extracts made of the pyloric 
mucus membrane in boiling water or 4 per cent hydrochloric acid contain 
an active substance which on injection into the blood vessels of an animal 
leads to a secretion of gastric juice.” He goes on to state that “extracts of 
fundus do not contain this substance.” 

This work suggests strongly that the antral mucosa is, in truth, an 
endocrine gland occupying a key position in the secretory mechanism, and 
that responses from its mucosa govern much of gastric secretory activity, 
the autonomic and intrinsic nerves governing the rest. 

Therefore, to encounter even one case of subtotal gastrectomy where a 
small amount of retained antral tissue was associated with a jejunal ulcer, 
and where removal of the antrum alone accomplished a cure of the ulcer, 
would be highly significant. We have had, now, four such cases in this 
hospital, as well as three others whose jejunal ulcer was only cured by re- 
resection where that operation included antral removal (Table XI). These 
leave little room for doubt concerning the necessity for removal of the antrum. 

The first case to be relieved of jejunal ulcer solely by antral excision 
was a patient who, after three gastric operations, including a subtotal resection 
elsewhere, entered the Massachusetts General Hospital with a large marginal 
ulcer (Table XI). Pain, which was severe, was unimproved by a careful 
medical regimen, and roentgenograms showed no change in the size of the 
ulcer. Realizing the potentialities in regard to antral tissue remnants, this 
patient was explored, and,a retained antrum found. Its removal was easily 
accomplished and nothing further was done. Awakening from the anesthetic, 
the patient stated that he was free of pain. The pain did not return, and 
a roentgenologic examination 14 days later showed no evidence of ulcer 
remaining. He was still symptom-free three and one-half years later. 

The second case in this group was one of the patients in our series of 
two-stage operations. He was a man, age 76, and had done so well following 
his first-stage procedure that his attending physician was somewhat opposed 
to running any further, possibly unnecessary, risks. He, therefore, did not 
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Case 1 (Male) 
No. 234657 
Age 36 

Ulc. hist. 

19 yrs. 


Case 2 (Male) 
No. 380013 
Age 76 

Ule. hist. 

4 mos. 


Case 3 (Male) 
No. 368692 
Age 30 

Ule. hist 

12 yrs. 


Case 4 (Male) 
No. 162506 
Age 68 

Ule. hist. 

2 yrs. 


Case 5 (Male) 
No. 81857 
Age 34 

Jie. hist. 

10 yrs. 


Case 6 (Male) 
No. 400869 
Age 52 

Ule. hist. 

21 yrs. 


Case 7 (Male) 
No. 430805 
Age 32 

Ulc. hist. 5 yrs 


'36—Perforated 


"37 Dec.) 
op. Antrum left in. 


'43—(May) 


TABLE XI 
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JEJUNAL ULCERS CURED BY ANTRAL EXCISION* 


Previous 
Operations 


'22—PGE & “suture of 


ulcer” 


*38—PGE undone 
*39—(Jan.) “Three 
inches of stomach 


removed” 
39—(Oct.) ‘““Two- 

thirdsof stomach 

removed” 


(All above operations 
done at outside hospital) 


*42—(Nov.) 1st-stage 


gastrectomy. 


Antrum left in for 


later removal. 
(MGH) 


ulcer 
sutured 


"42—(Jan.) Subtotal 


gastrectomy. 
(At outside hosp.) 


'36—(May) Finsterer 
op. Antrum left in. 
°36—(Nov.) Resection 


of jejunal ulcer 
and removal of 
more fundus. 

(Done at MGH) 


Finsterer 


(Done at MGH) 


ist-stage 
gastrectomy. 
Antrum left in for 
later removal. 


(MGH) 


"38—Perforated ulcer 
°43—(May) 


“Subtotal 
gastric resection.” 
(Outside hospital) 


*43—(Oct.) 


Interim 
Findings 


*23—Hemorrhage 
*38—Jejunal ulcer 
*39—Hemorrhage 
*40—Recurrent 
hemorrhage 
*40—Feb. pt. 
entered MGH 


*43—(Feb.) Recur- 
rence of pain. 


°42—(Feb.) Recur- 
rence of pain 
immediately 
postop. 

*42—(April) Two 
hemorrhages 

*42—August pt. 
entered MGH 


*36—Jejunal ulcer 


*39—Jejunal ulcer 


Recur- 
rence of pain 
2nd-stage 
done as planned. 


not 


'43—(Dec.) Jejunal 


ulcer 


Admission 
Findings 


1.5 cm. 
marginal 
ulcer. (x-ray) 
(2-26-40) 


Jejunal 
ulcer 
(X-ray) 
(9-5-43) 
Much pain 


Jejunal 
ulcer 
(X-ray) 
(8—4—42) 


1.3 cm. 
marginal 
ulcer 


Jejunal 
ulcer 


Jejunal 
ulcer. 
(X-ray) 
(5-11-44) 


Jejunal 
ulcer. * 
Virtually 
no stomach 
resected 


Operation Result 
Removal Ulcer gone in 3 
of antrum wks. Well since 
(3-21-40) (3 yrs.) 
Removal Pain immediately 
of antrum relieved. Ulcer 
(9-8-43) much decreased in 
size (x-ray) in 11 
days. Well since 
(8 mos.) 
Removal Decrease in size of 
ofantrum. ulcer in 3 wks: 
Lysis of Well since. (1 yr.) 
adhesions. 
Jejunostomy 
(8—-6—42) 
Reresection Well since. Nega- 
plus re- tive x-ray. 
moval of (12-7-39) 
antral 
mucosa. 
(11-4-39) 
Reresection Well since. 
plus re- (3 yrs.) 
moval of 
antrum 
(2-20-40) 
Removal Pain immediately 
of antrum relieved. Ulcer 
(5-12-44) smaller 11 days. 
Disappeared 18 
days. Well since. 
Reresection Well since. 
plus re- (5 mos.) 
moval of 
antrum 
(12-18-43) 


* Dr. Samuel F. Marshall, of the Lahey Clinic, Boston, Mass., has kindly informed us of two additional 


cases of jejunal ulcer cured by antral excision. 


This brings the total number of cases on record up to nine. 


One of Doctor Marshall's patients had had two gastric resections during a four-year period, with persistent 


jejunal ulceration. 


well since (10 months). 
Doctor Marshall’s second case was a patient who had had a resection of the stomach four years previously, 
who had recently developed a jejunal ulcer; and whose jejunal ulcer has been completely healed by resection 


of the antrum. 
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i AO ARP a 1s 


Se eo eee Se Tea 








urgery 
1944 


in 3 
since 


liately 

‘Icer 

sed in 
in 11 
since 


Nega- 


iately 
Ulcer 
days. 


tional 

nine. 
istent 
been 


ously, 
ection 


















































(ha NaS “ te hia aoa 









Volume 120 GASTRECTOMY FOR DUODENAL ULCER 


Number 4 


have a second stage as soon as is usually planned. However, three months 
postoperatively, he developed signs and symptoms of a jejunal ulcer. He 
faced this for seven months, and then returned for operation. Roentgenograms 
showed a large jejunal ulcer, and a routine second-stage was carried out; the 
region of the previous anastomosis was not entered. He, too, was immediately 
relieved of his pain and 11 days later, reexamination, roentgenologically, 
showed marked decrease in the size of the ulcer. At the present time, eight 
months later, he is enjoying perfect health. 

The third patient was seen by Dr. Arthur W. Allen six and one-half 
months after a “gastrectomy” elsewhere. He had very early recurrence 
of symptoms. Three months before entrance he had two hemorrhages and, 
on admission, a jejunal ulcer was demonstrated roentgenographically. At 
operation, a. five-centimeter antral segment was found and removed. There 
was prompt relief from symptoms. Roentgenologic examination three weeks 
after operation showed decrease in the size of the ulcer. He has remained 
well (one year). Brief mention of the details of the remaining six cases 
of antral removal will be found in Table XI. 

Allen and Welch‘ also stress the importance of antral excision in showing 
that of nine patients surviving the Finsterer procedure, with antrum left in, 
five developed jejunal ulcers, two being relieved by reoperation, only when 
the procedure included removal of antrum or antral mucosa. Ogilvie® states 
that of 22 patients operated upon in such a fashion as to leave antral tissue 
in, nine developed symptoms of recurrence and six required reoperation 
removing or destroying the antral mucous membrane. 

Still another patient, encountered in the two-stage series, developed, just 
above the cardiac orifice, severe esophageal spasm with complete obstruction. 
He was readmitted to the hospital two months after discharge following the 
first stage of his resection. At discharge, roentgenologic examination showed 
a normal esophagus and postoperative stomach. On readmission, he com- 
plained of pain and difficulty in swallowing. These symptoms increased ; 
the obstruction became complete; and a jejunostomy was performed. All 
nourishment was given directly into the jejunum for two months, without 
improvement in symptoms, nor could any change be noted roentgeno- 
graphically. Improvement did begin shortly following excision of the 
antrum, and he was discharged 27 days later, symptom-free, on a soft diet. 
He has remained well (17 months). This case suggests that the antrum 
may play a role in upper gastro-intestinal function which goes beyond the 
regulation of gastric secretion. 

It should be pointed out that ten of our patients have gone ten weeks, or 
longer, between their two stages without getting into any trouble. One 
patient, who was thought to have a carcinoma of the pylorus at his first 
operation, went five months between stages without jejunal ulceration. It is 
of interest that at his second stage, the duodenal mass, which had suggested 
carcinoma at the first operation, had subsided so completely as to render 
antral removal entirely uneventful. 
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IMMEDIATE RESULTS FOLLOWING SUBTOTAL RESECTION OF THE STOMACH 
Massachusetts General Hospital 
1942-1943 


Between January 1, 1942, and December 31, 1943, there were 145 subtotal 
resections of the stomach performed for peptié ulcer at the Massachusetts 
General Hospital. In this series, as in the 1936-1941 series, only elective 
primary operations are included. Fifty-one (Table XII) of these operations 


TABLE XII 
PEPTIC ULCER 
145 PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC ULCER 


MASSACHUSETTS GENERAL HOSPITAL—1942 THROUGH 1943 
Mortality 
Location Operative Procedure Cases Deaths Per Cent 


Stomach.........Classical subtotal resection. . . ee ey ee 51 3.9 


Duodenum.......Classical subtotal resection : ; : 63 
Antrum left—mucosa removed : 8 
Subtotal resection in two stages : ‘ 23 


Totals 
Duodenal ulcer . : : ' : ee : 94 


were for ulcer of the stomach with two deaths or a mortality of 3.9 per cent. 
Ninety-four of the operations were for duodenal ulcer and in this series of 
94 cases, there were no deaths. Sixty-three of the latter operations were 
classical subtotal resections in one stage. In eight other cases, the antrum 
was left, but the mucosa removed, and in 23 patients during this period, the 
two-stage resection was carried out. 

A study of the nonfatal complications was also made as in the preceding 
series (Table XIII). In this group of 94 cases there were 13 major nonfatal 


TABLE XIII 
COMPLICATIONS FOLLOWING 94 SUBTOTAL RESECTION OF THE STOMACH 
MASSACHUSETTS GENERAL HOSPITAL—1942 THROUGH 1943 


Fatal Nonfatal 
Peritonitis: 
Cause undetermined 
Duodenal stump 
I 505s swine oc 
Malfunction of stoma 
Miscellaneous........ 


Total complications—Fatal and nonfatal srebebe 3, or 14% 


complications, or 14 per cent of the entire group. This compares very 
favorably with the total of 37, or 30 per cent, in the earlier series. It is 
of interest that there was only one case of peritonitis in this entire group, this 
being the nonfatal case of leak from the duodenal stump, occurring in the 
second stage of a two-stage procedure. 

ComMENT.—We are unable to give to any one procedure the credit for 
the improvement which has taken place during these past two years. Patients 
are better cared for. A better understanding of the importance of plasma, 
whole blood, and the parenteral use of amino-acids and vitamins has done 
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much to protect them before and after operation. But of greater importance 
is the almost complete elimination of those complications secondary to 
leakage or contamination from the duodenal stump. It matters little whether 
this be accomplished by the delayed removal of the antral segment, as 
described above, or by excision of the mucous membrane from the antrum 
in those cases where the local reaction forbids safe dissection of the ulcer- 
bearing area. 

The two-stage method has been more freely practiced on the West Surgical 
Service, especially by the younger men, whereas, on the East Surgical Service, 
under Dr. Arthur W. Allen, equally satisfactory results have been attained in 
one stage by removing the antral mucosa in those cases where the local 
reaction was not so great as to make even this unsafe. 

It is of-further interest that the management of these cases after operation 
varies considerably on the two Services. On the East Service, under Doctor 
Allen, jejunostomy plays an important role in the postoperative regimen. 
Allen and Donaldson? now favor a double jejunostomy—one catheter passing 
upwards through the anastomosis into the stomach, for purposes of drainage, 


the other passing down the jejunum, for feeding. 

In contrast to this, on the West Surgical Service, under the senior author, 
jejunostomy is undertaken only in patients with diabetes mellitus and in 
those patients whose nutritional states makes early jejunal feedings highly 


desirable. 
SUMMARY 

(1) From 1936 through 1943, 320 primary elective subtotal resections of 
the stomach have been performed for peptic ulcer at the Massachusetts General 
Hospital. There were 12 deaths, a mortality of 3.7 per cent. 

(2) From 1936 through 1941, there were 55 resections for gastric ulcer 
with no deaths, and 124 resections for duodenal ulcer, with a mortality of 
8.1 per cent. 

(3) A study of the records of these patients showed contamination from 
the duodenal stump to have been the major factor in the high mortality. 

(4) In 1942 and 1943, 51 patients had subtotal resection for gastric 
ulcer, with a mortality of 3.9 per cent. There were no deaths following 
94 resections for duodenal ulcer. 

(5) A two-stage resection of the stomach for selected cases of duodenal 
ulcer is discussed. 

(6) The technic used in teaching subtotal resection of the stomach for 
duodenal ulcer to the Resident Staff on the West Surgical Service at the 
Massachusetts General Hospital is described. 

(7) The importance of the antral mucosa in gastric physiology, as related 
to surgery for duodenal ulcer, is stressed. 
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Discussion.—Dr. Forpyce B. St. Joon, New York: When Doctor McKittrick asked 
me to open the discussion on this paper, I was delighted, as I think it brings up an im 
portant point in gastric surgery. 

To any surgeon who has spent considerable time in the region of the posterior wall 
of the first part of the duodenum and between it and the head of the pancreas in 
inflammatory lesions, this paper strikes a sympathetic note. 

Too much has been written illustrating man’s ingenuity in anastomosing stomach and 
jejunum and too little by experienced observers on the problem of the duodenal stump, 
frequently the only really difficult part of a gastric resection. 

For these reasons one welcomes this paper which directs attention and considera- 
tion to this important step in the procedure. 

The authors first studied 179 primary resections in a five-year period. Of these, 
55 were for gastric ulcer; 124 were for duodenal ulcer. There were ten deaths, an 
operative mortality of 8.1 per cent in the latter series. Peritonitis occurred in nine 
instances; in seven it was due to leakage from the duodenal stump. Five of these cases 
died. None died in the gastric ulcer series. The comparison seemed significant. 

Fully aware of the technical difficulties frequently associated with dissection and 
closure of the duodenal stump, and especially with compromised tissue, the authors have 
proposed, in difficult cases, the two-stage procedure designed to diminish the operative risk. 

In support of this thesis, a report has been submitted summarizing the results of the 
past two years at the Massachusetts General Hospital. One hundred and forty-five 
primary resections are included; 51 for gastric ulcer, with two deaths, and 94 consecu- 
tive resections for duodenal ulcer, without an operative death. This latter series in a 
general hospital with a constantly changing resident staff and during the past two trying 
years represents, indeed, an achievement. An operative mortality of approximately four 
per cent in the 51 cases of gastric ulcer is nearer the average experience of other clinics, 
especially where advanced lesions and those suspected of being cancer are attacked in all 
age-groups. However, the fact that in the first 55 gastric ulcers reported there was no 
death and in the latter series of 51 there was a mortality of four per cent shows the 
difficulty of drawing conclusions from statistics alone. 

Furthermore, it is to be noted that 63 classical one-stage subtotal gastrectomies were 
carried out for duodenal ulcer, with no death during the past two years, whereas, there 
has been an opportunity for only 23 two-stage procedures during the same period, also 
with no deaths. Therefore, from the record alone one is not justified in drawing con- 
clusions as to the actual value of the method proposed. 

The results on both Dr. Arthur Allen’s and Doctor McKittrick’s services have been 
highly satisfactory whether the classical one-stage operation; the one-stage, with the 
removal of antral mucosa; or the suggested two-stage procedure has been carried out 
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In order to broaden the basis of comparison and add to the material for discussion, 
I shall present a summary of the results in a general hospital over almost the same 
period of time. Time, since receiving Doctor McKittrick’s paper, did not permit sub- 
divisions into gastric and duodenal groups (Tables I, II and III). 


TABLE I 
PEPTIC ULCER 
200 PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC ULCER 1939-1943 (INCLUSIVE) 
The Presbyterian Hospital 
New York City 
Operation Deaths 
Subtotal gastrectomy . ® 


Mortality 


4% 


TABLE II 
PEPTIC ULCER 

FATAL COMPLICATIONS FOLLOWING 200 SUBTOTAL RESECTIONS OF THE STOMACH 
1939-1943 (INCLUSIVE) 


The Presbyterian Hospital 
New York City 

Peritonitis (due to leakage of duodenal stump) 
Pulmonary. . . 
Hemorrhage 
Malfunction of stoma 
Miscellaneous: ; ; 

1 Thrombosis of celiac axis and superior mesenteric artery 

1 Gangrene of transverse colon (compromised blood supply) 

1 Cerebral accident 


TABLE III 
PEPTIC ULCER 
99 PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC ULCER 
1942-1943 (INCLUSIVE) 
The Presbyterian Hospital 
New York City 
Operation Deaths 


Mortality 
Subtotal gastrectomy 


CAUSE OF DEATH 
Peritonitis (due to leakage of duodenal stump) 
Cerebral accident 


CONCLUSIONS 

A critical review of the paper under discussion as well as of our own experience, 
would lead one to make the following observations: 

1. Peritonitis as a cause of death following subtotal gastrectomy is more frequent 
than is generally appreciated. 

2. Leakage from the duodenal stump is by far the most common cause of peritonitis. 
The practice of using a soft rubber tissue drain down to the region of, but not in contact 
with, the closure has saved lives in our clinic by establishing in the event of leakage, a 
temporary duodenal fistula, and, thus, preventing spreading peritonitis. It must be 
noted, however, that this factor has failed in the fatal instances reported. We are 
opposed to the use of a stiff rubber tube. 

3. Leakage may be due to two main factors: 

a. Local conditions actually at the site, such as acute inflammatory reaction, com- 
promised wall of duodenum and actual perforation causing technical difficulties, and 
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b. Leakage may be due alse to any factor which causes back pressure in the afferent 
loop from the duodenal stump to the gastrojejunal anastomosis. 

4. It has been our custom, also, in a few selected cases, especially in the most acute 
phase, to avoid dissection of the ulcer-bearing area. In these instances, the antral mucosa 
is always removed before the antral stump is inverted. 

5. A two-stage procedure is suggested to add to the. safety factor in gastric resection 
in difficult cases of duodenal ulcer. Its advantages are obvious and have been presented 


clearly. 
Its disadvantages, aside from the economic and psychologic, are doubling the number 


of anesthetics and abdominal operations for a given lesion which, of necessity, must 
be performed in all age-groups. 

6. Finally, I should feel that Doctor McKittrick, and his associates, have made an 
interesting suggestion. That it will add a safety factor seems evident but whether it 
will prove to be a wiser course to follow than those now in use must depend on further 


factual evidence. 


Dr. Henry F. Granam, Brooklyn: Doctor St. John briefly mentioned, in passing, 
the one most important factor in this whole discussion, when he said that in difficult 
cases they have not tried to remove the ulcer. 

That is where all the trouble occurs. At the Methodist Hospital we have recently 
had an analysis made of our work in gastric resection for peptic ulcer from 1936 to 
date. We have not divided it into duodenal and gastric. In the first four years of this 
period the mortality was so high that I hate to mention it. I myself lost a couple of 
cases in an attempt to remove the duodenal ulcer, but during the past four years, com- 
mencing January I, 1940, up to date, we have had 77 such operations, with one death. 
That one fatality, if we compare it with Doctor McKittrick’s statistics, should have 
been eliminated because it was due to a massive hemorrhage operated upon within 
48 hours of the onset of bleed‘ng. I think he said he excluded these in his series. 

We attribute the improved mortality to a number of different factors—better 
anesthesia, better preparation, ctc.; but the chief improvement in mortality is due to the 
fact that we have ceased trying to remove the duodenum in cases where it is difficult. 

To date we have a pretty complete follow-up. This follow-up is as complete as it 
was possible for us to make it up to December, 1043, and we have no evidence to 
prove to us at all that leaving the duodenal ulcer behind is a source of future trouble 
to the patient where a subtotal resection has been done. 

If we find it difficult to remove the duodenum, we do not hesitate to leave several 
inches at the pylorus of the stomach, remove the mucosa, pass a finger down through 
to gently dilate the pylorus and then invert this portion of the pylorus which has been 
left, with a couple of nonabsorbable sutures, into the duodenum. 

I suppose it is really unnecessary for me to mention it, but at one hospital, with 
which I was formerly connected, I saw two autopsies where death was due to blowing 
cut of the duodenal stump because they had used catgut to sew the duodenal end up. 
I do not think anybody uses that now. 

There is only one other type of case we have to consider, then; those with massive 
hemorrhage and repeated hemorrhage from a duodenal ulcer. It is not safe to leave the 
untreated ulcer behind because of the hemorrhage. 

Doctor Pfeiffer mentioned one way of handling that situation. In one such case 
that I have had, it was handled in a little different way, quite successfully, and without 
further trouble. (Demonstration on blackboard) This is the duodenal stump. The ulcer 
is here on the back wall of the duodenum with the vessel in the center of the ulcer. A 
nonabsorbable suture was passed deep through the base of the ulcer with a cutting needle. 
Then this tongue-shaped flap from the anterior wall was turned over so the peritoneal 
surface was brought against the base of the ulcer, and the suture was tied down to 
hold the flap against the base of the ulcer. A reconstruction was done at the end of the 
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duodenum with the usual nonabsorbable sutures, and it was completely closed without 


any excessive difficulty. 

It seems to me that a little ingenuity in the care of the duodenum, and less attempt 
to take it out, will pay big dividends in these cases. I may say that these 77 operations 
we had were performed by twelve different operators, so it is not a question of any 
one individual’s dexterity. 

In commenting on Doctor McKittrick’s paper, it would seem to me that even if he 
were going to leave the pylorus behind for a second operation, it would not be neces- 
sary to transect the stomach twice, as he showed in one of his diagrams, first near the 
pylorus and up again higher, where the section was done for anastomosis. His original 
section could have been done up near the anastomosis, and the pyloric end could have been 
turned down, and then, if he decided to leave the pylorus later, the second section could 
have been made. 

There will be many cases where you will decide to take the ulcer out, or will go down 
to the duodenum, so two sections above will be unnecessary. 


Dr. Ratpo Corp, New York: Subtotal gastrectomy has been the operation of choice 
in our clinic since 1923. Six years ago a new group of surgeons was assigned to take 
care of ward patients admitted to the Gastric Service in the hospital. I would like to 
show three slides which emphasize quite clearly, I think, that the crux of the operation 
of subtotal gastrectomy really centers about the closure of the duodenum. 

In this particular series, which is divided into two three-year periods, certain changes 
were gradually made in technic in an effort to lower the morbidity and the mortality. 
There were only three cases in which a prepyloric “auschaltung,’ as recommended by 
Finsterer, was done. Inasmuch as the follow-up in these cases was not good, we decided 
to eliminate, if possible, this particular procedure. 


TABLE I 
ANALYSIS OF DEATHS IN SUBGROUPS 
Series A 
No. of No. of Mortality 


Cases Deaths Cause of Death Rate 


Group A: 
Duodenal ulcer : (1) Cerebral thrombosis. 
(2) Generalized peritonitis. 
(3) Alkalosis 
Group B: 
Bleeding duodenal ulcer ~ 1) Duodenal dehiscence. 
Genera lized peritonitis. 
(2) Hemorrhagic broncho-pneumonia. 
(3) Subphrenicand subhepaticabscésses 


Group C: 
Previously perforated duodenal ulcer 15 (1) Massive at electasis. 
(2) Pneumonia after drainage of 
subphrenic abscess 


In Series A (Table I), during the first three years, there were 79 cases of duodenal 
ulcer, which included (A) the duodenal ulcers with intractable pain and some with 
pyloric stenosis; (B) those which had bled; and (C) those in which a perforation had 
previously occurred. 

There were 48 cases in Group A with three deaths. One was caused by a cerebral 
thrombosis. One was due to a generalized peritonitis from a duodenal leak, and the 
third was caused by an alkalosis due to atomy of the stomach from which the patient 
vomited persistently. At the end of about two weeks, an entero-anastomosis was done 
without any relief. Then jejunostomy was finally instituted when it was too late. This 
case, and others in which we experienced trouble with gastric emptying, due not only 
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to an atomy of the stomach but possibly to an obstruction at the stoma, caused us sub 
sequently to frequently institute jejunal alimentation at the time of the primary operation 
(See Table III.) 

In the second group (B) consisting of 16 cases of bleeding duodenal ulcer, there 
were three deaths. One was due to duodenal dehiscence, with generalized peritonitis ; 
another was caused by a hemorrhagic bronchopneumonia; and a third was traced to a 
subphrenic and subhepatic abscess which came from a-duodenal leak. 

There were 15 cases which had previously perforated (Group C). There were two 
deaths, one from a massive pulmonary atelectasis, and the second from a pneumonia, after 
the drainage of a subphrenic abscess. 

Most of these cases had postmortem examinations, which account for the causes of 
death which are herewith given. So, in the total of 79 cases in Series A, there were 
eight deaths, or 10.13 per cent, in which four could be attributed to a dehiscence of 


the duodenal stump. 


TABLE II 
ANALYSIS OF DEATHS IN SUBGROUPS 
Series B 
No. of No. of Mortality 
Cases Deaths Cause of Death Rate 
Group A: 
Duodenal ulcer........ ; 7 (1) Hepatitis and pneumonia. 
(2) Pulmonary embolism. 
(3) Diffuse bronchopneumonia. 


Group B: 
Bleeding duodenal ulcer. ‘ (1) Duodenal dehiscence. 
Subhepatic abscess. . . 


Group C: 
Previously perforated duodenal ulcer 11 
Total ae ane 4.26% 
In the second series, B, consisting of 94 cases, there were 67 cases (Group A) of 
duodenal ulcer with three deaths. Autopsy disclosed that one patient succumbed from 
a hepatitis, evidently due to sulfanilamide, which had been given for a pneumonia; one 
from pulmonary embolism; and a third from a diffuse bronchopneumonia. 
In the bleeding ulcer cases (Group B) there were 16 cases with one death, due to 
a duodenal dehiscence, resulting in a subhepatic abscess. I think the reason for the 
diminution in the mortality of the second group of the bleeding duodenal ulcers might 
be attributed to the fact that we no longer operate upon these duodenal ulcers immediately. 
Whenever possible, we wait three weeks after the hemorrhage has ceased, during which 
time these patients have adequately regained their strength, and their blood proteins and 
hemoglobin have approached more normal limits. 


TABLE III 
Series A Series B 
July 1, 1937 July 1, 1940 
to to 
June 30, 1940 June 30, 1943 


Number of cases “ Gee hore ae 79 94 
Mortality er tue hain ; ea bbe oe ens & 4 
Mortality percentage Ree ee 10.13% 4.26% 
Drainage of duodenal stump 29 72 
Antecolic type of gastrojejunostomy..... To : Pere 35 91 
Retrocolic type of gastrojejunostomy. . Le ghites «teens < alee 44 3 
Jejunostomy 4 3 
Spinal anesthesia 16 84 
General anesthesia 63 10 
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In Group C, 11 cases in which perforation had previously occurred, there was 


no mortality. 

Therefore, in Series B, the gross mortality was 4.26 per cent. 

Aside from the increased skill of the operators in causing a diminution in the 
mortality between Series A and Series B, we feel that other factors may have entered 
into this reduction of the mortality (Table III). 

First of all we are instituting drainage of the duodenal stump with increased fre- 
quency. We use a rubber dam drain which is placed down into the vicinity of the sutured 
duodenum and brought out through a right subcostal stab. 

In these cases which were drained, there were 13 that had bile-stained dressings, 
but in this group there were only two cases which developed a generalized peritonitis. 
In those cases in which the duodenal drainage was profuse, the aspirated contents were 
introduced through the jejunostomy, maintaining the chemical balance. We believe with 
Doctor St. John that drainage does no harm. 

As far as the types of anastomosis are concerned, you can see we are doing more 
and more of the antecolic type of anastomosis. We found no immediate or late indifferences 
between the antecolic and the retrocolic type. We found that the antecolic is a simpler 
technical procedure, and in the event a patient subsequently develops a gastrojejunal ulcer, 
a secondary gastric resection is not as difficult as if a retrocolic anastomosis had been 
made. 

We have used more spinal anesthesia during the past three years, but, unfortunately, 
we have noticed no diminution in the incidence of pneumonia, which, in Series B, was 


responsible for three of the four mortalities. 


Dr. Donatp C. BatFour, Rochester, Minn.: Doctor McKittrick’s presentation illus- 
trates the fact that surgery of the stomach has reached a level of which the surgeons of 
this country can be proud. In the surgical treatment of ulcer of the duodenum, Doctor 
McKittrick has given emphasis to the problems involved in the direct attack on the 
ulcer. Since it is not always advisable to remove a lesion situated on the posterior wall, 
if the removal of such a lesion introduces considerable risk to the operation, one should 
keep in mind that an indirect procedure will bring about healing of the ulcer. As a matter 
ot fact, it is a principle in gastric surgery that any operation which has ever been designed 
for treatment of peptic ulcer—where it is partial gastrectomy or gastro-enterostomy— 
is based on physiologic principles. 

One suggestion which has interested me was that of the reintroduction of the prin- 
ciple of partial gastric exclusion. You are all familiar with the history of that procedure. 
I had the pleasure of seeing Sir Hugh Devine perform a number of such operations in 
i935, and they accomplished one principle very definitely, namely, that any procedure 
which circumvents the duodenum will bring complete healing of any lesion which may 
be present there. It would seem reasonable that every advantage should be taken of 
the fact that exclusion of the gastric contents from the duodenum will solve the problem 
of curing the duodenal ulcer, and that unnecessary risk in removing inflammatory processes 
in the duodenum should be avoided. 

All in all, I believe that this whole question of peptic ulcer should be introduced into 
the program each year, for it is a changing scene and we know little about the effect 
ot these physiologic operations. 

I should like to ask Doctor McKittrick one question in view of the higher incidence 
of recurrent ulcer when the pyloric stump is not removed. What does he consider the 
desirable interval of time between the first and second stages of this operation? We 
have all known cases in which recurrent ulcers have apparently developed very soon 
after either gastro-enterostomy or partial gastrectomy. 


Dr. Witt1aM F. Rrenuorr, Jr., Baltimore, Md.: I was very much interested in 
Doctor McKittrick’s excellent paper, which he presented so well, and in the various dis- 
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cussions that have preceded this one. It is unfortunately true in all branches of surgery 
that in the course of training of a Junior Staff in all clinics there will occur technical 
errors that can only be avoided by repetitious and continuous operative experience. This 
is the price that must be paid for the training of a surgeon and it is, of course, most 
desirable to keep the price as low as possible. However, I believe that it is not quite 
fair to judge an operative procedure by the inclusion of the Junior Staff results with 
those of the Senior Staff, for in so doing there will be included operative deaths, or at 
lcast operative complications, which should not necessarily be attributed to the operative 
procedure, but, as I stated, to the inexperience of the younger surgeon. 

Since 1939, when I presented before this society a series of cases which had been 
operated upon for peptic ulcer of the pylorus and duodenum, a one-stage resection 
of the stomach has been employed. A conservative resection of the stomach has been 
performed in a series of 189 consecutive cases and in only ‘seven, or approximately 
four per cent, has it been necessary to reoperate upon the patient for the development 
of a jejunal ulcer at or near the site of anastomosis. After conservative resection 
the continuity of the gastro-intestinal tract has been reestablished by a short-loop ante- 
colic gastrojejunostomy. 

It is difficult in different individuals to be sure of the amount of stomach which has 
been resected, but as near as one can estimate I would say that what has been considered 
a conservative resection would be about one-third to one-half of the stomach, including 
some of the fundus, the pyloric antrum, pylorus and first part of the duodenum. It is 
believed preferable to perform this operation in one stage, and that it is unnecessary 
in the great majority of patients to resect more than this amount of the stomach. 

This series of cases has been studied from both the standpoint of immediate and 
remote postoperative course. In this series there have been no deaths from operation 
and no postoperative: complications that could in any way be attributed to leakage of the 
duodenal stump. There have been no cases of duodenal fistula. This study has brought 
out certain interesting points that have impressed me. In the first place, in practically 
all of the cases there has been evidence of multiple ulcerations of the duodenum. On the 
anterior, superior and posteromedial surfaces there have been either visible scars 
or palpable ulcerations. In some instances the duodenum has been actually ligneous 
from multiple ulcerations making it sometimes technically quite difficult to close the 
duodenal stump. Another interesting feature is that the great majority of these 
patients have had bleeding of greater or less severity and in all these there has been 
a perforating ulcer into the head of the pancreas. The majority of these have been 
on the posteromedial surface of the duodenum at about the junction of the first and 
second portion. In some the perforation has been lower down in the second or descending 
portion. Closure has been satisfactory in every one of the cases, but more difficult 
in some than in others. It is our impression that it makes very little difference whether 
or not the ulcer is resected, that if the duodenum is turned in and the gastric contents 
shunted away from the ulcer bearing portion of the duodenum, that is that portion 
above the ampulla of Vater, that the ulcers will heal. In only three cases has there 
been bleeding after resection, and in these complete recovery occurred without further 
surgical intervention. 

The type of closure of the duodenum has been simple suture of the amputated 
stump with interrupted silk or cotton sutures. 

In the more recent cases the duodenum has not been clamped across with a Payr 
crushing clamp, but merely amputated, bleeding points clamped and interrupted sutures 
used throughout to turn in the cut edge. This avoids, of course, the use of a continuous 
catgut suture and the turning in of devitalized tissue. The duodenum has been turned 
in so that all that portion that has been mobilized and freed from the head of the 


pancreas is intussuscepted, so to speak, into the lumen of the intestine. The reason 
for this is that sometimes the circulation of the stump may be slightly jeopardized due 
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to separation of the intestine from the head of the pancreas and to avoid any possibility 
of interference with heal.ng this portion should not be allowed to remain free in the 


peritoneal cavity. If, after turned in, some of it should become necrotic it will drain 


into the intestinal tract. 

I would like to show two slides which demonstrate the method of closure employed. 
Closure of the duodenum that is the site of peptic ulcer is of course more difficult 
than closure of the duodenum which is uninvolved as in peptic ulcer or malignant ulcer 
It is well, as I stated above, not to use a crushing clamp, because often 


of the stomach. 
As shown by 


times this uses up quite a bit of the available duodenum for turning in. 
the slides, the vertical closure of the duodenum is most satisfactory, providing there 


is enough of the first or beginning of the second portion above the ulcerated area to 
give a sat sfactory amount to turn in, but if the duodenum is very heavily scarred, due 


to a perforating ulcer into the pancreas, less of the medial wall of the bowel will have 
to be mobilized if the closure is begun medially and proceeds laterally rather than 


the vertical closure, i.e., closing from the midline out. This has proved to be a most 


gratifying procedure, lessening the necessity of mobilizing so much of the scarred 
portion of the duodenum normally adjacent to the head of the pancreas. Mobilization 
of the duodenum too far down the second portion is thought to be inadvisable, because 
of possible injury to the common duct or interference with the circulation of the 
duodenal stump. 

Drainage of the duodenal stump is strictly avoided. 
in correctly, the circulation has not been jeopardized; draining is unnecessary; and 
Drainage of 


If the duodenum is turned 


it only invites infection and the possibility of the formation of a fistula. 
the peritoneal cavity following resection of the stomach is studiously avoided. 

One difficulty that has been mentioned in previous papers, namely, increased pressure 
in the afferent loop, is felt to be due either to improper suture of the afferent loop to 
the lesser curvature where constriction of the lumen may be produced, or in those cases 
of retrocolic gastrojejunostomy in which the transverse mesocolon has caused a con- 
striction of the afferent loop. The antecolic jejunostomy is preferred, first, because 
the danger of constriction of the transverse mesocolon is avoided; second, the afferent 
loop of jejunum is just as short if the colon and omentum is displaced to the left; 
and, third, because in that small percentage of cases in which jejunal ulcers occur 
reresection is far less difficult to perform following antecolic rather than a retrocolic 
gastrojejunostomy. 


Dr. L. S. McKittrick (closing): I am deeply grateful to the discussers for their 
contributions to this problem. I just want to make clear that in this condensed presen- 
tation we probably may have given the wrong impres:ion in overemphasizing the two- 
stage procedure. 

Our primary interest is the elimination of those complications arising from the 
duodenal stump following subtotal resection for duodenal ulcer. 

In answer to Doctor Balfour’s question, of course, we are fully aware, and fearful, 
of the development of a marginal ulcer. We like to undertake the second stage at as 
early a time as we can. The longer the patient waits the easier it is, so we have 
performed these operations in periods varying from three to six or eight weeks depending 
upon the severity of the inflammatory reaction in relation to the ulcer at the time of 


the primary operation. 
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THE RESULTS OF CLOSURE of colonic stomas always. have been unsatisfac- 
tory in a rather high percentage of cases. This procedure necessarily has to be 
carried out in a field that is contaminated with many bacteria. In the past, 
wound infection frequently has followed closure of a colonic stoma. In many 
cases, extensive abscesses have formed in the subcutaneous tissues; the edges 
of the skin have become undermined, and multiple draining sinuses have made 
the patient a semi-invalid for weeks or months. Even more distressing than 
these complications, in some cases, has been the resumption of fecal drainage 
from the wound. Since we have been using a combination of succinylsulfath- 
iazole and sulfathiazole in the treatment of persons subjected to surgical clo- 
sure of colonic stomas, the incidence of these complications has been lowered 
remarkably. 


MATERIAL 
This paper is based primarily on 102 consecutive cases (Group 1) in which 


succinylsulfathiazole and sulfathiazole were employed while the patients were 
hospitalized for closure of colonic stomas. In order to obtain an unbiased 
evaluation of the results of this treatment, three other groups of cases have 
been considered. In each of these three groups of cases the patients were hos- 
pitalized for closure of colonic stomas and, with the exception of the adminis- 
tration of the sulfonamides, the treatment was the same as that employed in 
Group 1. Group 2 includes 102 consecutive cases in which no sulfonamide drug 
was used. Group 3 includes 40 cases in which only sulfanilamide was employed. 
Group 4 embraces 30 cases in which only sulfathiazole was administered. 
TREATMENT EMPLOYED IN CASES OF GROUP I 

After the spur of the colonic stoma had been eradicated by application of 
clamps, and sufficient time had elapsed to allow all edema and induration at 
the site of the stoma and in the surrounding tissues to subside, the stoma was 
considered ready for closure. 

Preoperative Treatment.—The patients routinely were hospitalized for 
three full days (72 hours) before the stoma was closed. As soon as they had 
been admitted to the hospital a nonresidue, high carbohydrate diet was pre- 
scribed and the oral administration of succinylsulfathiazole was started. We 
have standardized the dose of this drug even though there is good evidence 
that the effect of the drug varies considerably among different patients. In the 








* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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case of an adult, 4 Gm. of the drug was administered as soon as the patient had 
been admitted to the hospital. This dose was aoe every four hours until 
six doses (24 Gm.) had been given. Thereafter, a dose of 2 Gm. was adminis- 
tered every four hours (12 Gm. in 24 hours) ; the last dose was given approxi- 
mately six hours before the operation was performed. 

The proximal and distal loops of colon were irrigated daily with warm tap 
water for three days before the operation. The irrigating was done through 
the colonic stoma and through the rectum. The final irrigation was done 24 
hours before the operation was performed. During the 24 hours before the 
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Fic. 1.—Closure of colonic stoma. a. Incision in skin encircling the stoma. 06. The fascial, 
muscular and peritoneal layers have been incised and the proximal and distal limbs of colon are 
mobilized. The previously encircled layer of skin and subcutaneous tissue is being excised from the 
wall of the bowel. The edges of the colonic stoma are freshened by excising a narrow margin of it. 


operation, two drachms (8 cc.) of camphorated tincture of opium were admin- 
istered every four hours, and any fluid that had been retained in the proximal 
or distal segments of the colon was removed by aspirating through the colonic 
stoma and through the rectum with a large bulb syringe. The last dose of 
camphorated tincture of opium was administered approximately eight hours 
before the operation. The last aspiration also was performed about the 
same time. 

Surgical Treatment.—An incision was made on each side of the stoma 
passing through the scar produced by the previous operation. These incisions 
were joined so as to encircle the stoma. Then the colon was freed from the 
anterior abdominal wall at the site of the stoma (Fig. 1). The deep fascia was 
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next cleansed of fat and scar tissue sufficiently to form a definite layer which 
subsequently could be approximated to restore the strength of the abdominal 
wall. This fascia then was incised. In all cases the peritoneum was then 
opened and the two limbs of colon mobilized sufficiently to allow accurate 
approximation (Fig. 1). Immediately adjacent to the peritoneum, one fre- 
quently encounters a thin layer of adhesions which have “walled-off” the site 
of the stoma from the main peritoneal cavity. When these adhesions were 
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Fic. 2.—The stoma has been closed transversely to the long axis of the bowel. The 
completed anastomesis is dropped back inside the peritoneal cavity and 5 Gm. of 
sulfathiazole inserted. 


encountered, they were not disturbed unnecessarily. The previously encircled 
cuff of skin and subcutaneous tissue then was excised from about the stoma. 
The edges of the stoma were freshened by excising a narrow margin and the 
colonic opening was closed transversely to the long axis of the bowel with two 
layers of running chromic catgut sutures. Additional interrupted catgut sutures 
were inserted in some cases. In a few cases, the mesial edges of the intestine 
had not united to form the usual colonic spur; consequently, the spur could 
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not be crushed preoperatively and it was necessary to separate the proximal 
and distal loops of the colon and perform a complete end-to-end anastomosis. 
The anastomosis being completed, the colon was droppe’ back into its normal 


position within the peritoneal cavity (Fig. 2). 





Fic. 3.—a. The peritoneal, muscular and fascial layers are closed with 
a running suture. b. A Penrose drain and a few grains of sulfathiazole are 
placed in the subcutaneous layer. The skin is closed. 


Sulfathiazole powder was dusted intraperitoneally around the site of clo- 
sure. Five grams were so administered routinely, but in occasional instances in 
which the subperitoneal space about the site of closure was small, lesser 
amounts, that is as little as 2.5 Gm., were used. 

The peritoneal, muscular and fascial layers, which had previously been 
dissected free, were then closed tightly with surgical gut sutures (Fig. 3). 
Fifteen to 30 grains (1 to 2 Gm.) of sulfathiazole were dusted into the super- 
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ficial fatty layer. In most cases a small Penrose drain was inserted subcuta 
neously. The skin was closed snugly with a rurning suture of plain catgut. If 
the subcutaneous fatty layer was thick, a few retention sutures of braided silk 
were inserted to obliterate any potential dead space. 

Postoperative Treatment.—Sulfonamide therapy was not employed post- 
operatively. Only small amounts of water, that is ‘15 to 30 cc. every four hours, 
were administered orally until flatus was passed freely from the rectum. In 
the average case, this was on the second or third day after operation. The diet 
then was increased gradually until the fifth or sixth day after operation, when 
a full diet was permitted. A large lubricated rubber tube was inserted into the 
rectum periodically in order to prevent pressure by retention of gas or feces. 
The operative wound received no special care except the routine application 
of dressings. The Penrose drain was removed on the fourth or fifth day after 
the operation. 


TREATMENT EMPLOYED IN CASES OF GROUPS 2, 3 AND 4 


In these groups there was no preoperative use of sulfonamides. In Group 2 
(102 cases), as has been said, sulfonamides were not used at all. In Group 3 
(40 cases) sulfanilamide, and in Group 4 (30 cases) sulfathiazole was dusted 
about the site of closure at operation. In other respects, including the preop- 
erative treatment, the surgical technic and the postoperative regimen, treat- 
ment in these groups was the same as in Group I. 

Usually the quantity of sulfanilamide or of sulfathiazole applied locally, 


respectively, in Groups 3 and 4, was 5 Gm. In an occasional case, however, 
in which the subperitoneal space about the anastomosis was small, a lesser 
amount, as little as 2.5 Gm. of the powder under consideration, was employed. 


RESULTS 


In the cases in Group I, namely, the 102 cases in which a combination of 
succinylsulfathiazole and sulfathiazole was employed, the incidence of wound 
infection and of recurrence of fecal drainage was remarkably low. In the ma- 
jority of cases the wounds healed by primary intention. An extensive subcu- 
taneous abscess did not occur in any case, and a resumption of fecal drainage 
from the wound occurred in only two cases (Table I). The postoperative 
febrile reaction was slight or minimal and in most of the cases the average time 
that was required for the intestine to resume its normal function was shorter 
than it was in the cases in Group 2, that is, in the 102 cases in which no sul- 
fonamide drug was employed. In the usual case, as has been said, the patient 
was able to’expel flatus freely from the rectum on the second or third day after 
the operation and normal bowel movements were resumed on the third or 
fourth day. In general, convalescence was remarkably easy and free of com- 
plications. 

In marked contrast with the good results obtained in Group 1 are the dis- 
tressing sequelae that frequently occurred in Group 2 (Table I). Spontaneous 
fecal drainage from the wound following surgical closure occurred in 31 cases, 
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or 30 per cent of the cases in this group. It occurred in only two of the 102 
cases in Group 1. In some cases these postoperative fecal fistulae closed spon- 
taneously, but in others they had to be closed by a secondary operation. In 
all cases in which a fecal fistula occurred it was a distressing complication 
which delayed complete recovery for weeks or months. Extensive wound infec- 
tions were common before the advent of the sulfonamides. Moderate or severe 
infection of the wound occurred in 86 (84 per cent) of the cases in Group 2 in 
which no sulfonamides were used. In the cases of Group 1, however, wound 
infection developed in only 13, or 13 per cent of cases, and in only one case did 
extensive subcutaneous abscesses and undermining of the skin occur. In 82, or 
80 per cent of the cases in Group 1, the wound had healed firmly by the four- 
teenth postoperative day; healing in a similar period was observed in only 
eight (8 per cent) of the cases in Group 2. The better results obtained in the 
cases in Group I must be attributed to the use of succinylsulfathiazole and 
sulfathiazole, as the treatment in the two groups of cases was the same in all 
other respects. 

Sulfanilamide, as has been explained, was applied locally in the 40 cases in 
Group 3. Although the results were slightly better than those obtained in 
Group 2, namely, the 102 cases in which no sulfonamide drug was employed, 
they still were poor (Table I). Spontaneous fecal drainage from the wound 


TABLE I 


CLOSURE OF COLONIC STOMAS 
COMPARISON OF RESULTS WITH VARIOUS FORMS OF TREATMENT 


Infected Resumption of Wound Healed by 14th 
Total Wounds, Fecal Drainage, Postoperative Day, 
Group Treatment Cases Per Cent Per Cent Per Cent 


1 Succinylsulfathiazole and 

sulfathiazole 102 13 80 
2 PEO COU eee ciccecccsss. 102 84 j 8 
3 Sulfanilamide locally........ 40 77 : 10 
4 Sulfathiazole locally 30 63 20 


occurred in ten (25 per cent) of the 40 cases. Healing of the wound by the 
fourteenth day was observed in only four, or 10 per cent, of the cases. Wound 
infection occurred in 31 (77 per cent) of the cases. 

Again, as has been related, sulfathiazole was applied locally in the 30 cases 
in Group 4. The results obtained in this group were somewhat better than 
those secured in Group 3, but they did not approach those that ensued in Group 
1, that is, in the 102 cases in which a combination of succinylsulfathiazole and 
sulfathiazole was used. Spontaneous fecal drainage from the wound occurred 
in five, or 17 per cent, of the 30 cases. In six, or 20 per cent, of the cases the 
wounds had healed by the fourteenth postoperative day. Wound infection 
remained common and occurred in 19, or 63 per cent, of the cases. 

In the 102 cases in Group I no deaths occurred in the hospital. In the 102 
cases in Group 2, there were three postoperative deaths. Two were attributed 
to pulmonary embolism; the third resulted from peritonitis and pulmonary 
embolism. In the 40 cases of Group 3 there was one death in the hospital and 
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that was due to gangrenous cholecystitis. In the 30 cases of Group 4, one 
patient died from postoperative intestinal obstruction and peritonitis. 

It is, thus, apparent that the results in the cases (Group 1)‘in which a 
combination of succinylsulfathiazole and sulfathiazole was used not only were 
better than those obtained in the cases (Group 2) in which no sulfonamide 
drug was employed but also were better than the results obtained in the cases 
(Groups 3 and 4) in which sulfanilamide or sulfathiazole was applied locally. 


CoMMENT.—Succinylsulfathiazole is the succinyl salt of sulfathiazole. 
Chemically, it is 2-( N4-succinyl-sulfanilamido )-thiazole. It contains, in addi- 
tion to the succinyl radical, a free carboxyl group’ * * 4.. When it is adminis- 
tered orally it is absorbed from the bowel in only very small amounts. Poth 
and Knotts* * found that, on an average, only five per cent of the ingested drug 
was excreted by the kidneys. The majority is retained in the lumen of the 
intestine where it markedly reduces the number of coliform bacteria:in the 
intestinal content. Sulfathiazole, on the other hand, is absorbed rapidly from 
the gastro-intestinal tract and while it has some effect on the intestinal bacterial 
flora this action is not pronounced.” When placed locally in wounds, it exerts 
a powerful bacteriostatic effect without apparent injury to the surrounding 


tissues. The favorable results obtained with these two drugs in the cases in 
Group I apparently has been due to their ability to inhibit the growth of the 


many infectious organisms found in the large intestine. 

In vitro, succinylsulfathiazole has little or no activity against strains of 
Escherichia coli. When the drug enters the intestinal tract and comes in contact 
with the intestinal mucosa, however, it evidently becomes a highly effective 
bacteriostatic agent. It has been shown that succinylsulfathiazole when admin- 
istered orally may cause the number of coliform bacteria to become negligible. 
Thus it has been shown® that specimens of stools obtained from various human 
beings, and which contained 10° to 10'” organisms per gram of wet stool before 
the administration ‘of succinylsulfathiazole was started, contained 0 to 500 or 
700 organisms per gram of wet stool after therapy with this drug. How this 
drug, which is ineffective in the test tube, exerts such a profound influence 
in vivo has not been well established. Poth and Knotts® have speculated that 
“succinylsulfathiazole must * * * be converted into a more active compound, 
probably sulfathiazole. The addition of the succinyl radical to sulfathiazole 
renders it poorly absorbable from the bowel. The free carboxyl group gives 
succinylsulfathiazole relatively strong acid properties and by salt formation 
maintains a high ionic concentration of the drug admixed with the intestinal 
contents. Succinylsulfathiazole, therefore, may be strongly absorbed or ad- 
sorbed by bacterial cells and may be hydrolyzed to give a high local concentra- 
tion of a reactive, excited form of nascent sulfathiazole in intimate contact with 
the organism.” 

Concomitant with the reduction in the bacterial content of the stools there 
is a change in their physical characteristics. The stools become lighter in color, 
practically odorless, reduced in quantity and of a semiliquid consistency. Such 
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changes have been noted in some cases in which we had an opportunity to 


examine the intestinal contents shortly before, or in the course of, closure of a 
colonic stoma, when the drug had had time to exert its maximal effect. 

If the oral administration of succinylsulfathiazole sterilized the stools com- 
pletely, one would expect to obtain favorable results without the local applica- 
tion of sulfathiazole in cases in which operation is performed to close a colonic 
stoma. Such is not the case, however. The orai administration of large doses 
of succinylsulfathiazole for five to seven days occasionally will reduce the num- 
ber of coliform bacteria in the stools to such an extent that they cannot be found 
by bacteriologic examination. In the majority of cases, however, some organ- 
isms remain in the stools even after prolonged therapy with this drug. In many 
cases in which the drug is administered for a relatively short time, as it was in 
the cases in Group 1, an appreciable number of coliform bacteria must remain 
in the intestinal contents. The colon contains other bacteria, that is Streptococ- 
cus faecalis, typhoid and paratyphoid organisms and Proteus vulgaris, which 
apparently are not affected by succinylsulfathiazole. We, therefore, consider it 
advisable to apply sulfathiazole to the operative wound to control any infectious 
organisms which are not affected by succinylsulfathiazole and which inadver- 
tently may be carried into the wound. 

Recurrence of fecal drainage from the wound after closure of a colonic 
stoma may be due to various causes. If the colostomy spur has not been crushed 
adequately, the intestinal lumen may be encroached on and recurrence of fecal 
drainage may result. If one attempts to close the stoma too soon after it has 
been established, that is when the edges of the intestinal wall and the tissues 
about the stoma are edematous and indurated, the suture line may separate 
and fecal drainage recur. By far the most frequent cause of recurrence of 
fecal drainage from the wound following surgical closure is infection. The 
recurrence of fecal drainage often is preceded by obvious evidence of severe 
infection in the superficial layer of the wound. Subsequently, in all probability, 
a subfascial abscess forms which ruptures into the bowel through the suture 
line and externally to form a fecal fistula. That infection plays an important 
role in the formation of such fistulae is evidenced by the results of this study. 
In those cases in which infection was largely controlled through the use of 
combined succinylsulfathiazole and sulfathiazole therapy resumption of fecal 
drainage from the wound occurred in only two cases out of 102.* 

Reports concerning the sensitivity of patients to succinylsulfathiazole are 
rare. It seldom produces an untoward reaction and it is one of the most innoc- 
uous of the sulfonamide drugs. In cases in which the drug is administered as 
it was in the cases in Group 1, 5 to 15 Gm. of the drug probably was present 
in the intestine at the time of operation. Part of this is absorbed into the blood 
stream as sulfathiazole. In addition to this amount of succinylsulfathiazole, the 
tissues alsd contain the 5 Gm. of sulfathiazole that was applied locally. In cases 

*In one of these cases unsuspected phlegmonous induration and edema were encoun- 
tered at operation. The intestinal sutures did not hold and a fecal fistula resulted. The 
second failure is unexplained. 
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in which the patients are sensitive to sulfathiazole, one might expect a toxic 
reaction under these circumstances. These drugs are absorbed into the blood 
stream very slowly from their respective sites. In 15 of the cases in Group 1 
the concentration of sulfathiazole in the blood was determined repeatedly for 
the first seven days after operation. In only one instance was the concentration 
of the drug greater than 1.5 mg. per 100 cc. of blood. In one case a value for 
sulfathiazole of 5.2 mg. per 100 cc. of blood was obtained 48 hours postoper- 
atively. 

A toxic reaction occurred in only two of the 50 cases in Group 1. In both 
of these cases the reaction occurred on the fifth day after operation. In each 
instance, the reaction consisted of an erythematous, urticaria-like eruption on 
the face, hands and lower part of the legs, edema of the affected parts, puffiness 
of the eyelids, severe pruritus, and increase of the temperature to 101° F. The 
skin lesions, pruritus and fever subsided completely by the thirteenth day after 
operation. The blood count was not altered in either case and no other toxic 
manifestations were observed. It is impossible to say whether these reactions 
were due to sulfathiazole or to succinylsulfathiazole. 

Certain parts of the preoperative treatment previously described deserve 
further consideration. It would seem unwise to discontinue the administration 
of succinylsulfathiazole for any appreciable time before operation is performed. 
After the administration of the drug is discontinued, the number of bacteria 
in the intestine rapidly returns to its previously high level; therefore, in the 
cases in Group I, the administration of this drug was continued up to four or 


six hours before the scheduled surgical intervention in order to obtain the 
maximal effect of the drug at the time of operation. If it were essential for 
the number of coliform bacteria to be at an absolute minimum at the time of 
operation, it would be necessary to alter this program. Considerable variation 


apparently exists in the response of different patients to succinylsulfathiazole.® 


Thus, in some cases it is necessary to administer the drug in large doses for 
from five to seven days before the maximal effect on bacterial growth in the 
colon is obtained. Ideally, then, one probably should culture the stools daily 
and defer operation until such time as the results of bacteriologic tests would 
indicate. At the present, however, such a procedure has not seemed advisable 
to us and for practical purposes the plan herein outlined, in which the drug is 
given for three full days and its administration continued up to within six 
hours of the time of operation, would appear to be satisfactory. 

The combined use of succinylsuifathiazole and sulfathiazole does not 
eliminate the necessity of exercising good surgical judgment in selecting the 
time for closure of the stoma. If the spur has not been adequately crushed or 
is thick and edematous and surrounded by a phlegmonous induration, the 
results still are likely to be unsatisfactory regardless of how intensively the 
stlfonamide drugs are used. . 

Finally, the adjunctive treatment would seem to be important. Irrigations 
to free the bowel of impacted fecal material are always used. After the bowel 
is emptied satisfactorily the irrigations are discontinued so that, for at least 24 
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hours before operation, the intestine is put at rest and all fecal material which 
comes down to the stoma is well mixed with succinylsulfathiazole. Probably 
all of the following play important parts: (1) The nonresidue diet, which 
reduces the bulk of the stool and in itself alters the bacterial flora favorably ; 
(2) aspiration to empty the intestine as much as possible; and (3) adminis- 
tration of camphorated tincture of opium to decrease peristaltic activity during 


the operative procedure. 
SUMMARY 


The oral administration of succinylsulfathiazole and the local application of 
sulfathiazole to the operative wound have greatly improved the results which 
we have obtained in closure of colonic stomas. Infection of the operative 
wounds occurred in 84 per cent and a fecal fistula developed in 30 per cent of 
a series of 102 cases in which no sulfonamide drug was employed, whereas, 
infection of the wounds occurred in only 13 per cent and a fecal fistula 
occurred in only two per cent of 102 cases in which a combination of succinyl- 
sulfathiazole and sulfathiazole was administered. These improvements in the 
results are, in a large part, attributable to the new chemotherapeutic agent 
succinylsulfathiazole and they indicate in general the usefulness of this drug 
in the management of surgical diseases of the lower intestinal tract. 


For their not inconsiderable part in working out this program and help in carrying 
out the many details, we wish to express our appreciation to Doctor Bargen, and his 
associates, in the Division of Medicine at the Mayo Clinic. 
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THE ADVANTAGES AND DISADVANTAGES OF CLOSED 
RESECTION OF THE COLON * 
Witiram Crawrorp Wuitr, M.D., anp Frepertck H. Amenpoxa, M.D. 
New York, N. Y. 
FROM THE SURGICAL SERVICES OF THE ROOSEVELT HOSPITAL, NEW YORK, N. Y. 

ON THE SuRGICAL SERVICES of the Roosevelt Hospital it was maintained 
ior many years that some form of the Mikulicz procedure was the operation 
of choice in resection of the colon. This attitude dated back to the work of 
one of our surgeons, C. N. Dowd,':? whose experiences with the two-stage 
ex.teriorization method were more satisfactory and convincingly safer than with 
the open resections of his time. In his generation, the preparatory and post- 
operative measures, now familiar to all of us, were either not known or 
unavailable. Blood transfusion was direct, from the radial artery to the 
vein. The Gatch bed was a novelty. Intestinal decompression with indwelling 
tube and suction was unknown. Any form of primary anastomosis entailed 
a prohibitive mortality. 

In 1939, Patterson and Webb* read before the New York Surgical Society 
a report of our results with the Mikulicz procedure. At that meeting the 
discussion and criticisms by Whipple? and MacFee* were reasonable and 
sound. The report was somewhat misleading, however, since it gave the 
impression that we had performed no closed resections. As a matter of 
fact, we were employing right enterocolectomy with the closed technic with 
increasing frequency, at first in two stages, later in one stage, with a 
proximal enterostomy as a vent. We had not, however, attempted, or con- 
templatfl, a primary anastomosis in the transverse, descending, or sigmoid 
colon for many years, although we were well aware of the favorable comment 
before this association, and in the literature, with respect to such a procedure. 

As we continued to employ the Mikulicz-type of operation for the left 
half of the colon, we became increasingly conscious of certain definite objections 
to its use. These were (1) the necessity of multiple operations and prolonged 
hospitalization ; (2) the distress and discomfort of abdominal fecal evacua- 
tions for a long time; (3) the questionable adequacy of removal of bowel 


adjacent to the growth, with the mesenteric lymph nodes; (4) the establish- 
ment of a temporary complete obstruction unless an antecedent, or comple- 


mental, cecostomy or colostomy was performed; and (5) the high incidence 
ot complications, such as wound infection with disruption, intestinal obstruc- 
tion, persistent fecal fistula, and subsequent incisional hernia. The danger of 
local implantation of tumor cells had been overcome by the Rankin’ obstructive 
resection, but even this procedure, in our opinion, did not insure sufficiently 
wide removal to prevent local intra-abdominal recurrence of the growth. 


* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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Despite these objections we continued to utilize the exteriorization operation 
lecause of our firm belief that it was safer than primary resection. The 
reports of Whipple,® * MacFee,* Allen,” '’ and others, made us doubt that 
our attitude was entirely justifiable, whereupon we decided to employ primary 
resection as the opportunity arose. This report deals with our experience 
during the past five years. 

During the years 1939 to 1943, we operated upon 110 patients with cancer 
of the colon, exclusive of those with tumors of the rectum and rectosigmoid. 
Resections were performed in 85, or 77.3 per cent, of that group. The various 


procedures employed and the attendant mortality are summarized in Table I. 


TABLE I 
CANCER OF COLON—1939-1943 
Per Cent 
Frocedure Number Deaths Mortality 
50% 
60% 
50% 
100% 
37.5% 
0% 
Balfour resection 50% 
Mikulicz-type resection es 22.2% 
Right enterocolectomy Saw olee wes , 29 20.6% 
Colon resection, end-to-end...... 36 11.1% 


Cecostomy only rT 
Enterocolostomy without resection 
Abdominal exploration only 
Peritoneal drainage only 
Colostomy only args 
Colocolostomy without resection... 


oOonwN ONMN UW CO 


Total.. ie agin 110 27 24.5% 
\s a group, our patients represent a fair cross-section of the problems with 
which a busy general hospital is confronted. We receive the private patient 
who seeks medical attention comparatively early. We receive, as well, the 
ward ambulance cases brought to us in miserable condition, often with complete 
obstruction. There are three fatalities in our group following simple cecostomy, 
performed under local anesthesia, for advanced acute obstruction. Problems 
of this type illustrate the difficulties of comparative statistics, as Allen’? has 
well pointed out. However, although our series is small, and though it is 
leterogeneous from the point of view of surgical risk, we feel that useful 
lessons have been learned and that significant deductions may be made. 

There were five enterocolostomies of the closed type, performed simply 
as a side-tracking operation in the presence of extensive carcinomatous in- 
volvement which it was not feasible to resect. Three of these patients died ; 
one of circulatory failure the day following operation; another, age 76, of 
bilateral pneumonia two days postoperative. The third fatality occurred 65 
cays after operation in a patient who had a cancer of the ascending colon 
with direct extension to peritoneum and other loops of bowel, with multiple 
fistulae, and who developed a massive retroperitoneal abscess. 

One patient died following a simple abdominal exploration which revealed 
diffuse carcinomatosis, with ascites, the primary growth being in the cecum. 

A patient, age 50, died of diffuse peritonitis following perforation of a 
sigmoid carcinoma. Another, age 71, had an annular carcinoma of the sigmoid 
which had produced a ‘partial obstruction of long-standing. Following 
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perforation of a diverticulum proximal to the growth she came to us with 
a diffuse peritonitis, to which she succumbed. In each case only peritoneal 
drainage was undertaken. 

There were three deaths among eight colostomies. One patient with a 
sigmoid growth, with liver metastases, disrupted his wound five days after 
a Devine colostomy had been performed. He died on the operating table, 
presumably of cardiac failure, while the disruption was being repaired. An- 
other patient, age 76, went progressively downhill and died 12 days after 
excision of a sigmoid growth, with partial excision of the bladder. The rectum 
had not been removed. The colostomy and cystostomy were functioning well. 
The third patient, with carcinoma of the sigmoid and diffuse metastases, 
disrupted a left rectus wound six days after a loop-colostomy had been per- 
formed, and died ten days later. 

Two resections of the Balfour-type were performed. One patient weigh- 
ing 375 pounds, and presenting a sigmoid growth, with nodal and liver 
metastases, died on the 5th day of circulatory collapse following wound 
disruption. 

In this series there were 18 exteriorizing procedures of the Mikulicz-type, 
with four fatalities. One patient, a severe cardiac, with complete obstruction 
from a sigmoid growth, had a preliminary cecostomy followed by the usual 
exteriorizing operations. Two months later she developed an acute small 
Lowel obstruction ‘to which she promptly succumbed, despite division of 
adhesions and enterostomy. A second patient, age 74, with an annular car- 
cinoma of the sigmoid and a papillary cystadenocarcinoma of the right ovary, 
had a preliminary cecostomy, followed 17 days later by a first-stage Mikulicz 
procedure. She died two weeks later. At autopsy, the abdomen was free 
of infection. A third patient, age 76, upon whom exteriorization of a tumor of 
the hepatic flexure had been performed, died one week later of acute obstruc- 
tion of the small bowel. Autopsy, at which no peritonitis was found, revealed 
complete obstruction “due to a normal appendix which had fallen over a loop 
of ileum, its tip becoming adherent to the mesentery on the other side.” The 
fourth fatality, a woman, age 70, with a sigmoid carcinoma and metastases 
to the mesenteric nodes, had a preliminary cecostomy under local anesthesia. 
Nine days later, after a Rankin obstructive resection, she failed to rally and 
died in 36 hours of pulmonary edema. 

Of the group of 29 enterocolectomies all but one were of the closed or 
so-called “aseptic” type. There were six deaths. One patient died suddenly 
of pulmonary embolism on the 9th day. Two others died of lobar pneumonia 
on the 5th and 8th days, respectively. A fourth patient, a severe cardiac, 
age 76, died ten days postoperatively. It was probably poor judgment on the 
part of the surgeon to undertake the procedure. Several members of the 
staff had advised against it. The remaining deaths were caused by peritonitis, 
one of them proven at autopsy to be due to leakage from the blind end of the 
ileum used in the lateral anastomosis. 

In the group of resections of the left colon, with primary end-to-end anas- 
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tomosis, there were 36 cases. Eight were of the open type and 28 of the 
closed or “aseptic” type. In this entire group tere were four deaths. One 
patient, five weeks after resection of a carcinoma of the transverse colon, 
developed an acute small bowel obstruction which was relieved by the division 
of peritoneal adhesions. He died 25 days later of carcinomatosis, 70 days 
after his original operation. A second patient, age 65, following resection 
of a carcinoma of the descending colon, developed an abscess of the left 
flank which was drained under local anesthesia five days later. He died 
eight days after resection, having developed a right lower lobar pneumonia. 
Since autopsy was not permitted we cannot exclude peritonitis as a possible 
cause of death, although his abdomen had been soft throughout. The third 
fatality occurred in a patient, age 71, who developed marked distension of the 
large bowel after resection of a sigmoid growth, without benefit of a preliminary 
vent. A cecostomy was performed four days after resection, but the patient 
died 14 days later, probably of peritonitis. The fourth death occurred two 
weeks after resection of the descending colon in a patient, age 63, from a com- 
bination of peritonitis with abscess formation and suppression of urine induced 
by sulfadiazine. 

ComMENT: The experience of the past five years has convinced us that 


our fear of primary resection with end-to-end anastomosis was unfounded ; 
that the operation, in fact, is safer than the exteriorization method, and that 
it possesses a number of definite advantages over the latter procedure. The 
patient is subjected to only one major operation, his hospital stay is shorter, 


and he is not distressed by abdominal evacuations. Wound infections have 
been few, particularly since the use of alloy steel wire sutures for the 
abdominal wall, as advocated by Jones.’! Postoperative incisional hernia has 
consequently become less frequent. We feel that we have been enabled to effect 
a more adequate removal of bowel and adjacent lymph nodes. An advantage of 
major importance is the feasibility of resection of low sigmoid growths just 
proximal to the peritoneal reflection, as well as growth in a sigmoid with a 
short mesentery or an obese abdominal wall. In the past, since such growths 
did not permit a satisfactory Mikulicz operation, patients were subjected 
either to inadequate removal of the tumor or to abdomino-perineal resection, 
with permanent colostomy. 

In accepting the advantages of primary resection with anastomosis one 
should not overlook its limitations or certain ever-present hazards. In our 
opinion, a primary anastomosis of the colon does not remove the need of 
a preliminary, or complementary, cecostomy or transverse colostomy. There 
is frequently a temporary obstruction due to edema at the site of anastomosis, 
at times irrespective of the state of electrolyte and protein. balance. A 
proximal vent in such instances will keep the bowel decompressed and thereby 
prevent ischemia and leakage at the stoma. The preoperative administration 
ot sulfasuccidine and sulfathaladine, though useful in reducing the bacterial 
count in the colon, has not, in our hands, insured against postoperative dis- 
tension. In enterocolectomy for tumors of the right colon we have employed 
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the Miller-Abbott tube with great satisfaction. Its efficacy in preventing dis- 
tension is well recognized and, if introduced a day or two before operation, 
it facilitates the surgical procedure by diminishing the intrusion of the small 
intestine into the operative field. 

Primary resection and anastomosis should not be attempted in the presence 
of an acute inflammatory reaction in the segment involved. Some proponents 
of the procedure have contended, somewhat dogmatically, that under those 
circumstances a simple transverse or Devine colostomy should be performed, 
with a secondary resection weeks or months later. The acceptance of a 
Mikulicz procedure in such cases, if it is feasible, seems to us a much more 
rational approach. In certain adherent growths with superimposed infection 
or localized perforation, preliminary fecal diversion will, undoubtedly, facili- 
tate later resection. In such instances, however, our experience indicates that 
life expectancy is relatively short irrespective of the type of operation 
employed. 

The technical features of primary colon anastomosis are too well known 
to justify detailed repetition. The adoption of oblique resection of the 
bowel ends to insure adequate blood supply, as advised by Lockhart-Mummery, 
the use of narrow-bladed crushing clamps, such as Arthur Allen has intro- 
duced, the employment of the Kerr basting-stitch, the use of interrupted 
fine silk Halsted sutures, and other similar refinements, have all added to the 
security of the anastomosis site. Although it is quite generally agreed that 
a peritonitis is much more likely to be due to gross leakage after closure, 
rather than to the minimal soiling during the performance of open anastomosis, 
we have, in general, preferred the closed or “aseptic”? method, with the appli- 
cation of sulfanilamide about the site of suture. 

With careful supervision of nutrition and hydration, so ably emphasized 
by Coller and Maddock, with safer anesthesias, and the rapid advances in 
chemotherapy, the literature on cancer of the colon discloses an ever increasing 
percentage of operability and resectability. As a consequence, we may expect 
more cured cases, but we must also anticipate a steady mortality rate as we 
accept problems which are technically more and more formidable and _per- 
plexing. Though we may favor one operative procedure over others, as a 


general rule, no one surgical approach is universally applicable and most of 
these situations will tax the skill and versatility of the most experienced 
surgeon. As David Cheever’ has so excellently said: “Even were it desir- 
able, it certainly is not possible completely to standardize the treatment of any 
disease. Such a multiplicity of variable factors are involved, in the patient 


himself, in his disease, in therapeutic measures, and in the physician who 
applies them,. that any attempt at actual standardization is fallacious and 
unlikely to prepare the physician to meet the unusual and unforeseen situation 
when it arises. Nevertheless, a classification of the types of a disease and a 
knowledge based on experience of what measures have proved best to meet 
each typical condition are absolutely essential to prompt and effective action. 
Of no disease are these statements more true than of carcinoma of the colon, 
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methods are best.” 


safeguard in primary resection. 


assuring because Groups 2, 


with sulfasuxidine. 
Doctor Everitt, in Baltimore, has treated a large number of patients with intractable 


cystitis due to B coli with sulfasuxidine, and he has come to the same conclusion as 
Doctor Dixon concerning dosage. He gives all of his patients the same amount of the 
drug regardless of the patient’s weight. Before hearing Doctor Dixon’s results, I would 
have criticized the use of preoperative irrigations, but the fear we had that such enemata 
might dilute the concentration of the drug is unwarranted, and I think the advantage of 
ridding the bowel of gross fecal matter outweighs our hypothetic objection. Similarly, 
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and yet, in the selection of operative measures in this condition very great 
divergence of opinion exists among surgeons of experience as to what 


CONCLUSIONS 


1. In a group of I1o patients, 85 resections were performed (77.3 per 


cent). We attribute this high rate of resectability to the increasing use of 


pr 


imary anastomosis. 

2. With primary end-to-end resection we have been able to excise a 
eater segment of the node-bearing mesentery. 

3. In our hands, the mortality rate of primary closed resection in the left 


colon is one-half the mortality rate of the Mikulicz-type of resection. 


4. It is our opinion that a vent proximal to the anastomosis is a necessary 
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Discuss1on.—Dr. W. M. Frror, Baltimore Md.: The results of Doctor Dixon’s 


studies are particularly gratifying because they confirm in a large number of patients 
the impressions we had gained from the study of a few patients. The results are re- 


2, 3 and 4 provide adequate controls for those patients treated 
I was interested to see the standardization of dosage of this drug. 
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before hearing Doctor Dixon’s paper I would have urged the postoperative administration 
of the drug in order to keep down the number of coliform organisms in the stool, but 
this, too, seems superfluous for the type of case under discussion. I do not think, how- 
ever, that this precaution is superfluous when one has done a primary anastomosis in the 
colon, for in such patients the tissues have had no chance to develop a local immunity, 
and leakage of the suture line does not occur until nine or ten days after the operation. 

Of course, sulfasuxidine is to be looked upon as an adjuvant in large bowel surgery. 
There are two distinct objections to its use: 1. It has little or no effect on the anaerobic 
organisims in the colon; and 2. The size and number of pills required is objectionable. 
Recently we have been using the phthalic acid derivative of sulfathiazole, known as sulfa- 
thalidine, the dosage of which is one-fourth that of sulfasuxidine. This drug seems to 
be just as effective as sulfasuxidine. I would be pleased to have Doctor Dixon try this 
new compound which is available for clinical evaluation in a series of cases similar to 


those he reported today. 


Dr. ALLEN O. WuuppLe, New York: In these days of the indiscriminate use of 
bacteriostatic substances, locally and systemically, in abdominal surgery, with improve- 
ment in mortality rate attributed to them, it is wise to remember certain fundamental 
principles that have always determined the kindly healing of the sutured intestine and 


peritoneum. The first of these principles is the maintenance of an adequate blood supply 
to the zone of anastomosis by the careful preservation of the blood vessels in the mesentery 
supplying that zone. Second, the placing of an accurate seromuscular suture to provide 
an adequate apposition of peritoneum on either side of the suture line. This can be ac- 
complished most certainly with a fine silk suture on a fine needle using a Lembert or 
Cushing type of stitch through the seromuscular layers. This is far more important 
than the clumsy and ineffective attempts at suturings the friable mucosal layer. In the 
so-called aseptic technics the mucosal stitch is never used, and reliance is placed solely on 
the seromuscular mattress sutures. Third, and most important, is to prevent tension on 
the suture line, with its accompanying tissue necrosis, by keeping the proximal segment 
uf bowel empty of gas and fecal content. 

In ileocolectomy this is best accomplished by the Miller-Abbott tube introduced a 
day or two before the resection; in transverse and left-sided colectomies by a cecostomy 


a few days or a week before the resection. 


TABLE I 
COLUMBIA-PRESBYTERIAN SURGICAL SERVICE 
Radical Colon Operations—1933-1043, Inc. 


Ileocolectomies Resections with Anastomosis ci Mikulicz 
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Year —_ 

and Deaths Deaths Deaths Deaths Deaths 

P.O. Per P.O. Per P.O. Per P.O, Per P.O. Per 
Cases No. Cent Cases No. Cent Cases No. Cent Cases No. Cent Cases No, Cent 


1933-1937: 

60 10 16.6 
1938-1943: 

117 11 9.4 


Total: 
177 21 11.8 139 17 12.2 29 2431 39 17.9 28 28.5 


Doctor White, in his typically honest way, has reported the results in colon resections 
at the Roosevelt Hospital, and has shown that the previous convictions he and his 
colleagues had in favor of the Mikulicz operation were not corroborated by their later 
experience with one-stage resection whenever possible, provided intestinal decompression 
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is carried out either by intestinal intubation or preliminary cecostomy or colostomy. 
There are cases and conditions where the Mikulicz or preferably the Rankin procedure 
is indicated, but I am sure, as time goes on, the Mikulicz technic will be discarded for 
the very good reasons which Doctor White has enumerated and because of the unques- 
tionably better morbidity and mortality rates he has obtained, and which our own 
statistics demonstrate (Tables I, II and III). 


TABLE II 


COLUMBIA-PRESBYTERIAN SURGICAL SERVICE 
Ileocolectomies 1938-1943 
With M.-A. Tube Without M.-A. Tube 
Cases P.O. Deaths Per Cent Cases P.O. Deaths Per Cent Cases P.O. Deaths Per Cent 


117 11 9.4 84 5 5.9 33 6 18.1 


TABLE III 
CARCINOMA OF COLON 
Follow-up Results 

Survived over 20 years 

(excluding 6 cases lost to F-U 
Survived over 15 years 

(excluding 9 cases lost to F-U 
Survived over 10 years 

(excluding 11 cases lost to F-U 
Survived over 5 years 

(excluding 15 cases lost to F-U 
Survived over 3 years 

(excluding 13 cases lost to F-U 


Dr. Tuomas E. Jones, Cleveland, Ohio: As one who has never used intraperitoneal 


vaccine and never used any of the sulfa drugs in any of these cases previous to operation, 
I would like to show one slide in discussing Doctor Dixon’s paper. It may serve as a 
control group. I merely want to emphasize the fact that it is very difficult to evaluate 
the importance of any one therapeutic agent. 

(Slide) This is a group of cases that was published two years ago. It involved 
the closure of a colonic stoma. There were 77 cases of operation for obstructive resection 
for carcinoma of the colon. The primary mortality was 6.5 per cent. There was spon- 
taneous closure in II, or 15 per cent. The total hospital stay, from preliminary pre- 
operative treatment, to the time the patient was discharged, was 28 days. 

Broken down, the total hospital stay for closure of the stoma was only 8 days, as 
contrasted to 14 days listed by Doctor Dixon. Transient drainage in only 7 cases, or 
10 per cent. Secondary closure was not necessitated once. 

So, without benefit of any of the sulfa drugs, and with equal benefit of clergy, 
I propose this group of cases. 

(Slide) I. This is a specimen partly opened up. On the one side we have typical 
duodenal and gastric mucosa, and in the opposite side normal ileal mucosa. 

(Slide) II. Here is another view of the specimen in which you can see the difference 
between the mucosa on the one half and mucosa on the other half. 

It seems to me that one must be conservative early in these hemorrhages. However, 
it also seems to me that if one has repeated hemorrhages it is well to perform an ex- 
ploratory operation at least once (I do not think twice is necessary), to rule out any of 
these conditions which cannot be shown by physical examination or roentgenologically. 


Dr. FRANK L. Meteney, New York: I expected to have Albert Key ask me what 
| thought of Doctor Dixon’s results, but I want to anticipate him by asking just two 
questions. 
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Doctor Firor has said that he considers the other three groups as adequate controls. 
I would like to ask Doctor Dixon if the controls were run concurrently with the 
I do not think we can accept, as adequate controls, cases done in a 


treated cases. 


previous surgical era. 
On the face of the figures it would seem to indicate that the sulfasuxidine was the 


important factor, because with sulfanilamide and sulfathiazole the results were similar 


to the controls, although slightly lower. 
I think it has been definitely demonstrated that sulfasuxidine will diminish the 


coliform organisms, and possibly other organisms in the intestinal tract ; probably washing 
out the colon just before operation was an added factor. I believe that if he should run 
concurrent controls, he might very well show a lower incidence of infection when the sulfa- 
suxidine actually reduces the number of coliform organisms which are the most important 
pathogens in peritonitis. 

I believe sulfanilamide is safer in the peritoneal cavity than sulfathiazole, because 
the latter is so slowly removed that it frequently produces adhesions, whereas, sulfanilamide 
is fairly promptly removed, and seldom causes adhesions unless used in very large amounts. 


Dr. JouNn J. Morton, Rochester, N. Y.: I am glad that Doctor Whipple emphasizes 
bringing together without tension of the wound, either the colostomy or the resection. 
That, I think, is of the utmost importance. I wish to comment also on the use of suture 
material. Now, surgeons should have nerve enough to close their wounds completely with 
nonabsorbable material, and to omit the drains. They will have less wound infection 
ard less sinuses during the convalescence. 

The drain succeeds in trapping serum, and, as you know, it drains only a short time— 
it seals off. It acts as a culture medium. The same thing is true of absorbing and 
digesting catgut material. It acts as a perfect culture medium. If the surgeons will 
omit these, they will obtain better results. 

When we have gross soiling we do not hesitate to use the sulfa drugs. In some cases 
the clamp slips, and then we make use of the sulfa drugs; otherwise we do not use them 
routinely. In our hands, since we have used sulfa drugs, the results have been much 
better. By that I mean intraperitoneal use of sulfathiazole mixtures with sulfadiazine and 


sulfanilamide, all three. 
I think from our personal experience these drugs certainly do something intraperitone- 


ally. 


Dr. FrepertcK A. Cotter, Ann Arbor, Mich.: Our experience in treating cancer 
of the colon has been similar to that of Doctor White; that is, we have year by year per- 
formed more excisions, with primary anastomoses, and in the past three years we have 
carried these out by aseptic methods whenever possible. It is now only the rare case that 
is treated by exteriorization. We do not fear peritonitis from contamination during the 
operation; the peritonitis that is serious is the one secondary to the continuous infection 
from a leak in the anastomosis. This is always serious and is due to faulty technic. 

However, if an open anastomosis is used, or if gross contamination occur from accident 
during operation, or character of the lesion, one still does not fear peritonitis, but there 
will occur infection of the abdominal wall. The peritoneum is more resistant to infection 
than is the abdominal wall, particularly the panniculus. 

For some years we have adopted the routine of delayed closure under these cir- 
cumstances. The peritoneum and transversalis fascia are closed in one layer; and the 
superficial fascia closed as a second layer. Sutures are placed so as to close the panniculus 
and skin; the wound superficial to the fascia is packed with gauze. This is removed in 
24 to 48 hours, and the sutures are pulled up and tied. This procedure has reduced the 
incidence of infection in the wall to a very small figure. If the aseptic type of anastomosis 
is used, and if there is no contamination, the abdominal wall is closed tight in the usual 
manner. We have tried the use of various sulfa drugs in the wall but we have given 
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them up as the wounds did not do as well. Likewise, we seldom use these chemicals in 
If one may become poetic, Doctor Dixon, we found that these 


the peritoneal cavity. 
agents in the panniculus act like an onion to the eye—they will weep, while the gauze 


of our pack acts like a handkerchief, it wipes the tears away. I was pleased to read an 
article of Dr. John Pemberton, that appeared about three months ago, in which he re- 
ceunted his very favorable results with this method of delayed closure. I suggest that 
Doctor Dixon observe some of these cases, which he can do without much difficulty, 
and perhaps they will convince him that gauze is better than the sulfa chemicals in the 


abdominal wall. 


Dr. C. F. Dixon (closing) : I should like to say a few words about the interesting 
series of cases presented by Doctors White and Whipple. At present, I am of the 
opinion that primary anastomosis following removal of growths from the left half of 
the colon, and, more especially, those of the sigmoid, is not as safe as the exteriorization 
type of operation, which leaves a double-barreled colonic stoma that must be closed later. 
I know that my colleague, Doctor Pemberton, is in accord with this statement. With 
chemicotherapy making such great strides, perhaps it will be possible at some time to 
carry out a single-stage procedure on the left half of the colon, with as low a mortality rate 
as the two-stage procedure but, at present, I am reluctant to advocate it as a routine 
method. In dealing with lesions of the rectosigmoid I have carried out anterior resections 
in 126 consecutive cases in which continuity was reestablished and a temporary stoma 
was provided in the transverse colon. There were two deaths in this series—one was 
from peritonitis and the other from pneumonia Type ITI. 

I feel just as Doctor Coller does about Doctor Jones’ excellent results, but I still 
think that, finally, he will use sulfonamide drugs in such cases. 

Doctor Meleney raised an important question. I agree with his statement that per- 
centages relating to results cannot be considered to be accurate unless controls are run 
concurrently with a given series of cases; for instance, I did not have controls for the 
102 cases of closure of a colonic stoma, which I reported here. However, all of the 
patients in the entire series were operated upon by me, with the help of the same 
assistants. I have not used salfathalidine as Doctor Firor has suggested. I shall be 
interested in trying it. 

May I add that I agree with Doctor Coller that Doctor Pemberton’s method of 
closure is an excellent one. However, this presentation was not intended primarily to 
emphasize a method but rather to point out the apparent effect of certain sulfonamides 
in decreasing infection in and about the site of closure. 












































LARGE MELENA OF OBSCURE 
Harvey B. Stone, M.D. 


Battrmore, Mp. 


ORIGIN* 


HEMORRHAGE from the upper alimentary tract, with vomiting of blood 
as a prominent feature, has been much discussed in the medical literature. 
The passage of blood from lesions of the anal canal and lower rectum is a 
familiar phenomena. The chemical and microscopic search for constant small 
losses of blood in the stool is a standard method of clinical study. But the 
subject of this paper is different from all of these conditions, and in spite 
of not being rare, has attracted relatively little attention. The subject referred 
to is the sudden passage from the bowel of large quantities of blood, often 
sufficient to cause varying degrees of shock, and often with little to indicate 
the exact source or cause of the bleeding. 

For a good many years the writer has encountered occasional cases of 
this sort and has developed an interest in them. The occurrence of nine 
such cases in his private practice within the last year has enlivened this 
interest, and led to a collection of such cases, herewith recorded, together 
with certain observations and opinions. 

Excluded by definition from this discussion are those cases in which the 
cause of the bleeding is obvious, as for example following a surgical operation 
on the bowel, or association with a known blood dyscrasia such as hemophilia, 
or occurring in a known case of duodenal ulcer or of bowel tumor. 

The typical history of the cases under discussion, which of course varies 
in detail, may be summarized as follows: 

A person who believed himself to be in ordinary good health, is suddenly 
seized by an urgent desire to defecate, accompanied by a marked feeling of 
faintness. Sometimes the faintness precedes the bowel movement, some- 
times it follows it. When the evacuated material is looked at, it is seen to be 
largely or wholly composed of blood. The blood may be fairly bright red, 
brownish-red, or tarry. Usually there are one or more subsequent similar 
evacuations, extending perhaps over two or three days. Then the process 
usually stops spontaneously leaving the patient pallid and weak and often 
badly frightened. 

The handling of such cases involves two principal efforts. The treat- 
ment of the immediate condition and the discovery of the cause of the 
bleeding. The former objective is of course the more urgent. The writer 
bas developed the following method of immediate treatment, which is not 
advanced dogmatically but has proved satisfactory in practice. Surgical 
attack is not seriously considered in the early stages of the illness. The 
poor condition of the patient and the unknown location and nature of the 
lesion are sufficient reasons for this decision. Such patients should not 





* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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be subjected to an exploratory celiotomy that would very possibly be 
fruitless. The patient should be put to bed at once, with the feet elevated 
usually. Morphine hypodermically is probably useful. If the hemoglobin 
shows a reduction to or below 60 per cent, and if the systolic blood pressure 
falls below 90, a transfusion of whole blood is given. In most instances this 
may not be absolutely necessary, but it is the most effective and rapid restora- 
tive of the general condition. Giving the blood slowly, and not in larger 
quantities than 500 cc., has not been followed by harmful effects, except 
in one instance where a sharp chill and reaction occurred in spite of a very 
good match. One of the cases herewith recorded is reported to have died 
after a transfusion given elsewhere for a subsequent attack of bleeding, 
but whether there was any causal relation between the transfusion and 
the death is not known. The often expressed fear that transfusion may 
cause renewed bleeding has not been realized in practice. All food by 
mouth should be stopped, and only small amounts of water allowed. 
[utravenous fluids sufficient to keep water balance are administered. The 
inclusion of plasma in such fluids has been adopted in the past years and is 
believed to be helpful. In the great majority of cases the bleeding stops within 
4& hours and the patient is rapidly rehabilitated from the early low level 
of the initial shock. However, such patients often require two to three 
weeks for complete restoration, and during this time look pale and are weak. 
Some of them lose as much as ten pounds in weight. 

The diagnostic study of the case, except for such innocuous procedures 
as careful history taking, gentle abdominal examination, and rectal palpation, 
is best postponed until the up-turn in the general condition is well advanced. 
Then a sigmoidscopic examination, a barium enema and _ gastro-intestinal 
roentgenologic study are in order. Blood studies to exclude thrombocytopenia, 
or other significant abnormalities, are also carried out. 

As a result of the diagnostic efforts, the cases may be divided into three 
groups: In the first, which in my experience is the smallest group, a 
definite lesion, such as a duodenal ulcer, may be discovered that is adequate 
to explain the bleeding. In the second group, there may be found certain 
anomalies, not usually associated with gross hemorrhage, that may perhaps 
be regarded as responsible for the bleeding. Of these, multiple diverticulosis 
has occurred several times in this series of cases. The third group, the most 
interesting and largest, remains completely obscure. The history, the clinical 
study, and the various special investigations, including roentgenologic examina- 
tion, reveal nothing of significance. The existence of this considerable group 
of cases is the conclusive reason against early operation. Operation under 
such conditions is a pure “shot in the dark.” Of course in those instances 
where a lesion of distinctly surgical nature is discovered, the definitive treat- 
ment, after restorative measures, is operative removal. 

The subsequent history of these patients is interesting. A considerable 
number of them do not bleed again. Others may bleed after long intervals 
of freedom—in one case in this series the interval was 20 years. Still 
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others may be subject to recurrent hemorrhages a number of months apart. 
As these recurrent cases may also belong in the group with no diagnosed lesion, 
the decision as to further treatment becomes very difficult. Should one sit 
helplessly by and let the grave hemorrhages continue, or submit the patient 
to an abdominal exploration that may prove fruitless? For experience has 
shown that even the most searching explorations may fail to disclose the source 
of the bleeding. Indeed, autopsy in the rare fatal cases has sometimes 
been reported as inconclusive in its findings. On the other hand, sometimes 
an exploration will reveal, and permit the removal of a lesion, that escaped 
detection in the study of the case. This possibility, and the natural disinclina- 
tion to a course of merely passive waiting in the hope that nature may effect 
a cure, will usually lead to the decision to explore the recurrent cases, and 
with this attitude there can be no serious objection. Exactly when to operate, 
and after how much provocation in the form of repeated bleeding, must 
remain a matter of individual judgment. 

The lesions that may be suspected or proved as the cause of the bleeding 





form a considerable and heterogeneous list. With no claim to completeness, 
the following conditions are mentioned: Tumors of various types, especially 
polypi and hemangiomata; less often malignant growths; gastric, duodenal, 
intestinal, and colonic ulcers, and ulcers in Meckel’s diverticulum; divertic- 
ulosis; regional ileitis and colitis; vascular lesions, such as varicose veins, 
infarctions, miliary aneurysms ; trauma from ingested foreign bodies ; erosions 
from pressure of extra-intestinal lesions, such as aneurysms of large vessels; 
and other even rarer conditions. Among constitutional causes may be men- 
tioned blood dyscrasias and hypertension. 

The following collection of cases, briefly analyzed, will serve to point 
out, specifically, many of the foregoing general remarks. 


BLEEDING WITH NO DISCOVERABLE CAUSE 


Case 1.—U. M. H. 114740: R. A. N., white, male, age 11 months. No significant 
history. Severe rectal bleeding, bright red blood, 12 hours duration before admission. 
General and rectal examination negative. 3arium roentgenogram enema negative. 
Hb. 44.8 per cent. Other blood findings negative. Bleeding stopped in 24 hours. No 
further bleeding after two months. 

Case 2.—U. M. H. 110740: V. L., white, female, age nine years. Profuse rectal 
hemorrhage the day before admission. Similar episode five months earlier. Physical, 
rectal, proctoscopic and roentgenologic examinations negative except for a tiny polypus 
near the anal sphincter. Hb. 69 per cent. No further bleeding for following ten months. 

Case 3.—U. M. H. 64404-2: W. G. B., Jr., white, male, age 24. First admission 
March 12, 1938. Complained of passing large tarry stools for several days. At that 
time Hb. 51 per cent. Physical and other examinations, including roentgenologic, were 
entirely negative. Patient was transfused and discharged. Readmitted with the same 
complaint and the same findings March 23, 1039. Third admission on January 26, 1940, 
same complaint and same findings. In the interval between these admissions the patient 
had no symptoms and seemed completely well. Blood studies and roentgenologic studies 
each time were negative. 

On April 8, 1939, an exploratory celiotomy was performed, with complete inspection 
of the gastro-intestinal tract from the diaphragm to the rectum and palpation of the 
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liver and the spleen. No lesion was found. An appendicectomy was performed. Con- 
valescence was uneventful. It will be noted that this operation was followed again a 
year later by further bleeding. 

Case 4.—U. M. H. 68057: C. M. H., white, male, age 59. History of rectal bleeding 
and dark tarry stools one week before admission. No massive hemorrhage. Examination 
showed moderate arteriosclerotic heart disease. Rectal examination negative. Barium 
enema and gastro-intestinal series negative. Hb. 45 per cent. Given four transfusions 
of 300 cc. each. No further bleeding. 

Case 5.—U. M. H. 84879: M. A., white, female, age 38. Admitted with complaint 
of gross hemorrhage of fresh blood six weeks earlier. Had been treated conservatively 
elsewhere, and there had been no further bleeding. Patient came into the hospital for 
study. Physical examination, including complete roentgenologic studies, was entirely 
negative. Hb. 78 per cent. No further bleeding. No diagnosis. 

Case 6.—U. M. H. 105465: R. P. B., white, male, age 55. Admitted with complaint 
of large tarry stools for one week before admission. Only significant note in history 
was an appendicectomy performed four years earlier. General physical examination, 
rectal, and proctoscopic were all negative. On this admission, January I, 1943, com- 
plete roentgenologic studies of the gastro-intestinal tract were negative. Hb. 51 per 
cent. Given two transfusions. Was discharged January 13, 1943, there having been 
no further bleeding. Patient was readmitted November 9, 1943, with another sudden 
onset of rectal bleeding. The entire examination including complete roentgenologic 
studies was completely negative. Hb. this time dropped to 44 per cent. Received two 
blood transfusions. There has been no subsequent bleeding to date. 

Case 7.—J. H. H. A-4266: W. L., colored, male, age nine years, ten months. 
Patient was admitted January, 1938, with history of several fainting attacks in the 
previous three weeks, leaving him weak and pale, and followed by tarry stools. There 
had been some vomiting associated with some of these attacks. On admission his Hb. 
was 40 per cent. Examination otherwise was negative. He was readmitted to the 
hospital in May, 1938, with epigastric pain, vomiting of food with some blood and 
two tarry, black stools. Hb. 65 per cent, which later fell to 35 per cent. The patient 
was treated with transfusions and intravenous fluids until recovery from shock. An 
exploratory celiotomy was then performed, which was negative, except for some lymphoid 
hyperplasia. Patient was readmitted December, 1938, with a history of some recent 
pain in the left upper quadrant, vomiting of some blood and bloody stools. Examinations, 
including repeated gastro-intestinal and barium enema _ roentgenologic studies and 
gastric analysis, were entirely negative. Blood stud‘es were also negative. There 
was another recurrence in March, 1930, again, in November, 1930, at which time 
further examinations including sternal biopsy were negative. There was st‘ll another 
recurrence in March, 1940, at this time, a study of possible allergies was made, which 
was negative. A second celiotomy was performed. Fluid blood was seen in the small 
bowel but no etiologic factor could be found. During convalescence an esophagoscopy 
was done, which was negative. A note, as of January, 1943, reports no further bleeding. 

Case 8—J. H. H. 284770: W. E. H., white, male, age 16. Patient was admitted 
to the hospital, with a complaint of weakness and pallor for several weeks and large 
tarry stools for two days previous to admission. Abdominal examination, roentgenologic 
studies, blood studies, gastroscopy and proctoscopy were all negative. Conservative 
treatment. No further bleeding. 

Case 9—J. H. H. 127438: R. H., white, male, age 25. Some epigastric pain of 
short duration five months previously, and again two months previously. Relieved by 
vomiting. Has lost 20 lbs. in three months. After an indiscretion in diet, the night 
before admission, he became suddenly nauseated and vomited. Following this he grew 
very thirsty, and fainted. There was some blood in the vomitus. On admission, was 
found to have bloody stools; the abdomen was negative; gastro-intestinal roentgenograms 
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were negative. Hb. 42 per cent. Conservative treatment. No further bleeding. This 
case may have been one of duodenal ulcer, but no lesion was demonstrated. 

Case 10—J. H. H. 215216: J. H. R., white, male, age 26. Appendix removed at 
age 12. Complained of abdominal discomfort the night before. admission. Was 
nauseated, and fainted when he tried to vomit. Next day passed tarry stools. Abdom- 
inal examination negative. Hb. 65.5 per cent. Roentgenologic studies showed spastic 
bowel, but no lesion. All other examinations were negative. Conservative treatment. 
Bleeding stopped. 

Case 11—J. H. H. 177634: T. M., colored, male, age 36. Appendix removed five 
years before. Sudden weakness and dizziness while at work the day before admission. 
Nauseated but did not vomit. Next day vom'ted some bright blood. Abdomen negative. 
Hb. 42 per cent. Stool positive for blood. Roentgenologic studies negative. Gastric 
analysis and proctoscopic examination negative. Transfusion. Conservative treatment. 
Discharged. Recurrence of bloody stools after two years, and again, five months later, 
at which time diverticula were suspected in the ascending colon. Recurrence again 
after six years, and again 11 years later. On this last admission all examinations 
including roentgenologic, gastroscopic and proctoscopic were reported as negative. 

Case 12—J. H. H. 130524: G. D., colored, female, age 38. Has had epigastric 
pain and soreness at intervals during three years before admission, which would disappear 
spontaneously. Two weeks before admission became extremely weak and tired, was 
notably pale, and for the first time passed large tarry stools. Abdominal examination 
was negative. Hb. so per cent. Stools negative for parasites. Gastro-intestinal 
roentgenologic studies negative; were repeated, and again negative. Gastroscopic 
examinat‘on negative. Conservative treatment with transfusions. Discharged improved; 
was well one year after. 

Case 13—J. H. H. 74517: C. McC., white, male, age 40. Mild indigestion for 
eight years, occasionally vomited, never any blood. Five days before admission felt 
weak passed a large tarry stool. Four days before admission, felt nauseated and fainted. 
Abdominal examination negative. Hb. 48 per cent. Gastro-intestinal roentgenologic 
studies and blood studies negative. Conservative treatment. Discharged improved. 

Case 14—J. H. H. 177821: J. B., colored, male, age 43. Just before admission 
had fainting attack and a large hemorrhage from the rectum. Abdominal examination nega- 
tive. Hb. 5.7 Gm. S.T.S. positive. Gastro-intestinal and barium enema studies were 
negative. Proctoscopic examination was negative. Conservative treatment with trans- 
fusions. Recurrence of tarry stools two years later and, again, three and one-half 
years later, with considerable shock. Recurrence again five years later, with vomiting of 
some blood. At this time, blood studies were all negative. Gastro-intestinal and barium 
enema studies were negative. Proctoscopic examination negative. Exploratory celiotomy 
negative. No lesion found. Two years later had had no recurrence. 

Case 15.—J. H. H. 235073: O. T. N., white, male, age 44. May, 1930, passed tarry 
stools and vomited some blood Felt quite weak. Roentgenologic studies reported as 
negative. In June, 1941, again, passed large tarry stools for two or three days. Hb. 
76 per cent. Gastro-intestinal roentgenologic studies and barium enema negative. Con- 
servative treatment. Discharged improved. 

Case 16.—J. H. H. 53744: J. J., colored, female, age 47. Increasing constipation 
for two years. Twenty pounds weight loss in six months. Ten days before admission 
felt faint and had to lie down, and next day passed one pint dark clotted blood from 


the rectum. During the succeeding ten days passed blood from rectum on several 
occasions. No pain but increasing weakness and some vomiting. Abdominal examination 
negative. Hb. 20 per cent. Gastro-intestinal roentgenologic studies negative. Barium 
enema showed a constriction at the rectosigmoid. Proctoscopic examination negative. 
Exporatory celiotomy: No lesion found. Later, barium enema was repeated, and this 
time the constriction was reported at the splenic flexure. Discharged improved. 
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Case 17.—J. H. H. 53669: R. V. O., white, male, age 49. No previous symptoms. 
Malaise and weakness all day. Collapsed when he went to toilet. Passed large tarry 
stool. Abdominal examination negative. Hb. 70 per cent. S.T.S. pos:tive. Other 
examinations negative. Conservative treatment. No further bleeding. 

Case 18.—J. H. H. 73665: J. S., white, female, age 51. Six attacks of abdominal 
pain in the epigastrium during the year before admission. On day of admission awoke 
dizzy with severe headache. Fainted on slight exertion. Tarry stool. Hb. 40 per cent. 
Gastric analysis negative. Gastro-intestinal scries and barium enema negative. Con- 
servative treatment with transfusions. Discharged improved. Later, had another 
occurrence of tarry stools. 

Case 19—J. H. H. 141314: S. G., white, male, age 52. Was almitted to the 
hospital with acute pulmonary edema. While on the ward had a sudcen, severe pain 
in the left mid abdomen with vomiting. Passed large stool containing blood. Abdominal 
and rectal examinations were negative. Exploratory celiotomy: No lesion found. Dis- 
charged improved. 

Case 20.—J. H. H. 195992: S. W. E., white, female, age 52. Three years before 
admission patient had had a sudden attack of nausea, headache and abdominal discomfort 
and passed large bloody and’ tarry stools. All examinations were said to have been 
negative. Recurrence some months later. Examinations again regat've. E-xplora- 
tory celiotomy, performed elsewhere, was reported negative. S'nce that time has 
had repeated intermittent episodes of tarry stools and weakness. Abdominal exami- 
nation negative. Hb. 61 per cent. Gastro-intestinal roentgenologic examination 
negative. Exploratory celiotomy, performed elsewhere, was reported negative. Since 
that time has had repeated intermittent episodes of tarry stools and wakness. Abdominal 
examination negative. Hb. 61 per cent. Gastro-intestinal roentgenologic examination 
and barium enema negative, except for possibly abnormal loops in the region of the 
terminal ileum. Operation was refused. Patient discharged. 

Case 21.—J. H. H. 227811: G. C., white, male, age 53. Sudden, severe crampy 
pain in the thighs and abdomen. Several hours later vomited large amount of fluid. 
Abdominal examination negative. Gastric analysis negative. Gastro-intestinal roentgeno- 
logic studies, at this time, were interpreted as showing dilated esophagus. Conservative 
treatment. Patient discharged improved. Eight months later, patient readmitted, with 
large tarry stools and weakness. Gastro-intestinal roentgenologic studies, at this time, 
were interpreted as negative. Esophagoscopy negative. 

Case 22.—J. H. H. U-74670: G. H., white, female, age 53. Since the age of 25 has 
had irregular attacks of indigestion with crampy pains in the lower abdomen. On the 
day before admission, following a meal, she was nauseated, felt some tightness in the 
epigastrium, and then passed a large tarry stool, and fainted. This was repeated again 
later. Patient induced vomiting and brought up some dark, reddish material. Abdomen 
very fat but negative on examination. Hb. 65 per cent. Gastroscopic examination 
negative. Gastro-intestinal and barium enema series were negative. Conservative 
treatment. Reported seven years later as being well during the interval. 

Case 23.—J. H. H. 192752: H. B., white, male, age 53. Chronic constipation and 
indigestion. About six months ago vomited some blood and passed dark stools streaked 
with blood. Similar attacks four months ago. Had lost 15 pounds in six months. Shortly 
before admission vomited a little blood and passed large, dark stools with blood clots. 
Abdominal examination negative. Hb. 3.5 Gm. Gastro-intestinal roentgenologic studies 
showed some delay in passage of barium through the small bowel. Barium enema was 
negative. Esophagoscopy unsatisfactory. Conservative treatments with transfusions. 
Discharged improved. 

Case 24—J. H. H. 200050: F. W. L., white, male, age 54. Two weeks before 
admission a few bright red blood streaks noted on stool. Morning of admission, large 
tarry stool, with blood. Felt weak and fainted. Abdominal examination negative. 
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Barium enema negative. Proctoscopic examination negative. Conservative treatment 
with transfusion. Discharged improved. No further bleeding for one year. 

Case 25—J. H. H. 304790: L. S., white, female, age 56. Past history negative. 
Sudden faintness and desire to defecate. Passed large amount of dark, red stool, which 
was repeated three times in 30 minutes. Increasing weakness, dizziness and palpitation. 
Several more dark stools during the following few days. Abdomen negative. Hb. 40 
per cent. Gastro-intestinal and barium enema roentgenologic studies negative. Con- 
servative treatment. Discharged improved. 

Case 26.—J. H. H. 135648: W. J. J., white, male, age 49. Past history negative. 
Passed large tarry stool, and felt faint while at work. Abdominal examination negative. 
Gastric analysis negative. Gastro-intestinal and barium roentgenologic studies negative. 
Conservative treatment. 

Case 27.—J. H. H. 159583: J. LaR., white, male, age 59: Indigestion for many 
years. Relieved by soda. Vomited several times, and on the last occasion noted some 
bright red blood. Passed large, tarry stool the next morning. Abdominal examination 
negative. Hb. 77 per cent. Gastro-intestinal roentgenologic studies negative. Con- 
servative treatment. 

Case 28.—J. H. H. 230193: S. H., white, female, age 64. Past history negative. 
Sudden attack of vomiting, felt cold and clammy. In later attacks of vomiting some 
bright red blood. Passed blood per rectum several times. Slight abdominal pain. 
Abdomen negative. Hb. 88 per cent. Gastro-intestinal studies and barium enema nega- 
tive. Conservative treatment. 

Case 29.—J. H. H. 180361: M. W., white, female, age 66. One year of indigestion, 
without relation to meals. On day before admission, marked dizziness and weakness, 
with a desire to defecate. Passed large tarry stool. Next day stools continued to be 
large and tarry and vomited some dark material. Abdominal examination negative. 
Hb. 51 per cent. Gastro-intestinal and barium enema roentgenologic studies negative. 
Conservative treatment with transfusion. 

Case 30._J. H. H. 163115: C. B. H., white, male, age 77. Some epigastric pain 
and belching at times for several months. Had passed dark stools for past three weeks. 
On day before admission felt cold and very weak, and had urgent desire to defecate. 
Passed large tarry stools. Shortly afterward vomited considerable amount of blood, 
with some epigastric discomfort. Abdominal examination negative. Hb. 40 per cent. 
Gastro-intestinal series negative. Barium enema was interpreted as negative, but the 
cecum was not well visualized. Patient had an unexplained fever of 102° F., with 
leukocytosis during his stay in the hospital. Conservative treatment with transfusions. 
Discharged improved. 

Case 31.—J. H. H. 27890: M. K., white, female, age 79. Epigastric discomfort 
and belching for the past year. Sudden nausea and vomiting; no blood. Passed large 
stool containing large amount of old, dark blood. Patient became quite pale. One or 
two dark stools for the next two or three days. Abdomen negative. Hb. 45 per cent. 
Conservative treatment with transfusions. Patient left the hospital without permission. 
Two weeks afterwards recurrence of tarry stools. Patient died following a trans- 


fusion given elsewhere. 


CASES WITH POSSIBLE EXPLANATIONS 


Case 1.—U. M. H. 90509-2: S. H. C., white, male, age 64. Patient has had a history 
of occasional epigastric pain, relieved by soda. Pain usually occurs at night or when 
stomach is empty. Gallbladder removed for gallstones two years previously. Twenty- 
four hours prior to admission had an attack of nausea followed by the passage of four 
large tarry stools. Abdominal examination showed hernia in the scar of the previous 
operation, and patient was much overweight. Hb. 44.8 per cent. Gastro-intestinal 
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series and barium enema negative, except for spasm at the rectosigmoid junction. Procto- 
scopic examination negative. Conservative treatment with transfusions. 





In view of the history and the fact that the roentgenologic studies were 
handicapped by obesity, this case might be attributed to duodenal ulcer. No 
further bleeding since discharge from the hospital. Patient on ulcer treatment. 









Case 2.—J. H. H. 122580: R. A. P., white, male, age three years. Occasional bright 
blood in the stools for 1.5 years. Polypus removed on two occasions from the rectum. Before 


admission passed large bright red stool. Three separate roentgenologic studies of the 






colon failed to reveal any lesions. 







This case may be attributed to polypi not detected roentgenologically. 








Case 3.—U. M. H. 85859: P. E. R., white, female, age 12. Patient had been treated 
for anemia, with tarry stools, three years before admission. Two days before admission 
passed large, tarry stool mixed with some bright red blood. Abdominal examination 
negative. Gastro-intestinal and barium roentgenologic studies negative. Proctoscopic 
examination negative. Patient continued to pass blood from the rectum in spite of 
repeated transfusions. Exploratory celiotomy: No lesion found except large tortuous 
blood vessels in the wall of the small intestine, especially the lower jejunum, and some 
lymphoid hyperplasia. Appendix removed. After operation, several roentgen-ray 
treatments were administered to the abdomen. No further bleeding during the next year. 











This case may be explained on the basis of the dilated blood vessels in 






the intestinal wall. 









Case 4.—U. M. H. 47047: W. S. B., white, male, age 58. Admitted to the hospital 
with complaint of weakness, fainting and tarry stools during previous week. Previous 
similar attack six months earlier. Recovery and second admission for similar complaints 
six months later. Repeated roentgenologic studies and proctoscopic studies were negative. 
Two years later, patient admitted to hospital for severe nose bleed and hypertension 
(220/130). This had developed subsequent to his first admission. On a third admission, 
another two years later, patient had a cerebrovascular accident, with a left hemiplegia. 
Patient recovered from this, and three years later was again admitted because of the 









vomiting of a large amount of blood. 






This case may be understood as one of progressive hypertensive disease 
with arteriosclerosis ; the first evidence of which was bleeding from the bowel. 









No previous symptoms. 






Case 5.—J. H. H. 237884: J. D., white, male, age 66. 
Three days before admission, faintness, nausea and fiye large tarry stools, with some 
bright red blood. This was repeated for the following two days. Abdomen showed slight 
ascites. Liver two fingersbreadth below costal margin. Gastro-intestinal and barium 


enema roentgenologic studies negative. Hb. 76 per cent. General examination showed 







arteriosclerotic heart disease. 


This case, like the preceding one, was probably bleeding due to vascular 





disease. 














Case 6.—U. M. H. 100555: R. S., white, female, age 17. Patient first admitted with 
a history negative except for three episodes of gross hemorrhage from the bowel during 
the preceding three months. The blood was bright red. Past history was negative, 
except for appendicectomy two years previously. All examinations were negative 
The patient was discharged. Patient was readmitted four months later because of 
inother attack of rectal bleeding. At this time, there was slight tenderness in the lower 
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abdomen, and a presumptive diagnosis of Meckel’s diverticulum, with bleeding, was made. 
Exploratory celiotomy: The only abnormality found was a small indurated area in 
the wall of the cecum, which appeared to be where the appendix stump had been inverted. 
This area was excised. Microscopic examination was reported as granuloma of the 
cecum. There has been no bleeding since the operation. 


The lesion described may have been the cause of the bleeding, but it was 
so small that the operating surgeon was skeptical about its importance. 


Case 7—J. H. H. 212683: M. L., white, female, age 62. No previous symptoms. 
Awakened early in the morning with indigestion and sudden vomiting. The next day fel 
weak and dizzy, and passed large tarry stools with bridght red blood. This continued for 
a few days before admission. Abdomen negative. Hb. 4o per cent. - All special examinations 
morning with indigestion and sudden vomiting. The next day felt weak and dizzy, 
and passed large tarry stools with bright red blood. This continued for a few days 
before admission. Abdomen negative. Hb. 40 per cent. All special examinations 
negative, except for the barium enema roentgenologic study, which showed numerous 
diverticula of the descending colon and sigmoid. Conservative treatment. Discharged 
recovered. 


This case, with several others, suggests that diverticulosis of the colon 
nay at times be associated with good-sized hemorrhage into the bowel and 


no other symptoms. 


Case 8.—J. H. H. 237865: D. S. H., white, male, age 47. No previous symptoms 
until eight months before admission, when patient had vomiting, epigastric cramps and 
passed several large tarry stools. Three days before admission, patient again passed 
a large, black stool. Abdomen negative. Hb. 90 per cent. Examinations negative 
except for a diverticulum of the descending colon and two areas of constriction. Con- 
servative treatment. Recovery. 


This is another case of diverticulosis. 


Case 7._J. H. H. 149641: M. H., colored, male, age 68. Alternating diarrhea and 
constipation for about three years. Sudden fainting attacks. Passed large stool con- 
taining clotted blood, and continued to pass tarry stools for the next two or three days. 
Abdomen negative, and other special examinations negative, except for barium enema 
studies showing diverticula of the large bowel and a filling defect at the rectosigmoid 
junction. Exploratory celiotomy negative except for diverticula. Patient discharged 
imiproved. 


This is another case of proved diverticulosis. 


Case 8—J. H. H. 210100: R. H., white, male, age 78. Some indigestion and 
nausea for two to three years. More frequent in past 4-5 weeks. Five days ago severe 
epigastric pain. Two days ago another attack of pain followed by several tarry stools 
and increasing weakness. Abdomen shows slight tenderness in the left epigastrium. Liver 
and spleen just felt. Hb. 12.6 Gm. falling later to 6.5 Gm. Barium enema roentgeno- 
gram shows diverticula in the transverse colon. Other examinations negative. Con- 
servative treatment with transfusion. Patient discharged improved. 


Another case of diverticulosis, with bleeding. 


Case 9.—U. M. H. 67631-2: W. F. V., white, male, age 70. Three weeks before 
admission massive rectal hemorrhage, with fa‘ntness. Previous history negative except 
for hernia operation and chronic gout. All examinations were negative except that 
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the roentgenologic studies showed one large diverticulum in the third portion of the 
duodenum and extensive diverticulosis, of the entire colon. Conservative treatment. 


Recovery. 
Another case of diverticulosis, with bleeding. 


Case 10.—U. M. H. 71293: A. E. McB., white, male, age 60. Past history negative 
except for asthma. Sudden massive rectal hemorrhage, with faintness, on the day of 
admission. All examinations negative except the roentgenologic studies of the intestinal 
tract. These showed an herniation of the cardiac end of the stomach through the 
esophageal hiatus, and numerous diverticula of the sigmoid. 


This patient had diverticulosis of the colon and an esophageal hernia. 


Case 11.—U. M. H. 61112: A. B. S., white, male, age 67. Past history negative 
except for slight rectal bleeding five years prior to admission. One week prior to 
admission patient had some pain in the right lower quadrant of the abdomen. Five days 
later he passed approximately a pint of blood from the rectum. General examination 
was negative except for a systolic murmur at the apex. Roentgenologic studies showed 
diverticulosis of the sigmoid. All other examinations were negative. Hb. 57 per cent. 
Bleeding stopped the next day. This patient has been followed for seven years and 
has had no further bleeding. 


Another case of diverticulosis, with bleeding. 


Case 12—U. M. H. 113708: M. N., white, female, age 64. Past history entirely 
negative except for occasional constipation. Profuse hemorrhage from the rectum of 
bright red blood four hours before admission. Abdominal examination negative. Hb. 
69 per cent. Roentgenologic studies negative except for very extensive diverticulosis 
of the entire colon. Conservative treatment, with transfusions. No further bleeding. 


Another case of diverticulosis. 


Case 13.—J. H. H. 263150: K. S., white, male, age 22. A number of large bloody 
stools a few hours before admission. Hb. 83 per cent. Proctoscopic examination negative. 
Patient had had appendix removed, with drainage, seven years before. Gastro-intestinal 
series showed irregularities in the lower ileum and delay in passage. Conservative 
treatment, with recovery. 


Considered possibly regional ileitis. 


Case 14—J. H. H. 162035: L. O. H., white, male, age 30. Two previous epi- 
sudes of tarry stools and vomiting, eleven and nine years previously. No lesion 
demonstrated at any time. Adm‘tted for tarry stools and weakness. Abdomen negative. 
Hb. 50 per cent. Roentgenologic studies negative. Gastroscopy negative. A second 
gastro-intestinal roentgenologic examination was interpreted as showing persistent 
deformity of the duodenal bulb, and the questionable diagnosis of ulcer was made. 
Conservative treatment. Recurrence three years later of tarry stools. This time, 
with lower abdominal cramps. On this occasion, roentgenologic studies were again 
negative. 


This case may be considered one of possible duodenal ulcer. 


Case 15.—J. H. H. 210538: G. A., white, male, age 47. Patient had been a heavy 
drinker. Five years previously had vomiting episode, and brought up some b!ood. Three 
days before admission had sudden weakness and dizziness while at work, and passed 
tarry stools for the next three days. No pain, nausea or vomiting. Abdomen negative. 
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Hb. 68 per cent. Gastro-intestinal series and proctoscopic studies were negative. Liver 
function tests showed evidence of hepatic damage. 


Case considered possibly one of cirrhosis of the liver. 


Case 16.—J. H. H. 207504: C. H., white, male, age 52. Ten years before admission 
had severe hemorrhage from the rectum, which was attributed to a duodenal ulcer for 
which an operation was performed. One month before admission, again, had severe 
hemorrhage from rectum. Abdomen negative. Hb. 77 per cent. Roentgenologic 
studies showed a diverticulum in the second portion of the duodenum. Conservative 
treatment. No operation. 


Possibly an instance of bleeding duodenal diverticulum. 


Case 17.—J. H. H. 224977: A. R., white, male, age 54. Complaint tarry stools, 
diarrhea, weakness. Abdomen obese. Negative on examination. Hb. 41 ver cent. 
Gastro-intestinal series showed a diverticulum in the esophagus. Conservative treatment, 
with transfusion. Discharging fluid. 


Possible bleeding due to diverticulum of the esophagus. 


Case 18.—J. H. H. 160683: J. M. B., white, female, age 56. Increasing indigestion 
for six months. Nausea and vomiting for seven days before admission. Some blood 
in the vomitus at times. Stools were very black. Abdomen negative. Hb. 44 per cent. 
Hypertension. Other examinations all negative. Conservative treatment. Two years 
later recurrence, and five years later a second recurrence. 


This may have heen a case of alimentary hemorrhage from hypertension. 


Case 19—J. H. H. 227522: J. P. M., white, female, age 66. Had had several 
abdominal operations previously. Had had hypertension for many years. Just before 
admission had nausea and vomiting, and passed a very large and bloody stool, followed 
by fainting. Abdomen negative. Hb. 70 per cent. B.P. on admission 180/100. All 
other examinations negative. Conservative treatment. Discharged improved. 


This, also, may be a case of bleeding from hypertension. 


Case 20—E. H. H. (personal friend), white, male, age 64. Attack of fainting 
followed by passage of large tarry stool, in 1913. Studies at this time were incon- 
clusive. Recurrence of similar attack 20 years later, in 1933. Patient quite well in the 
interval. Foltowing the second attack roentgenologic studies were intepreted as showing 
some distortion of the duodenal bulb and probable diagnosis of duodenal ulcer was made. 


Possibly an instance of bleeding from a duodenal ulcer. 


GROUP OF CASES WITH PROVED CAUSES 

Case 1—C. H. H. 35521: J. B., white, male, age 32. Two days before admission 
had some abdominul cramps and gurgles, and early the next morning passed a large 
amount of blood per rectum. No other symptoms. Barium enema showed filling defect 
in the descending colon. Resection and anastomosis with removal of a malignant growth 
was performed. Recovery. 

Case 2.—U. M. H. 105168-2: R. B. D., white, male, age 71. On previous admission 
patient had passed a large amount of blood and general examination, including roent- 
genologic studies, had been negative. Recurrence of symptoms one year later, at which 
time roentgenograms showed carcinoma of the cardiac end of the stomach. The films 
were intepreted as indicating an apparently inoperable condition and, in any event, 
the patient refused surgery. 
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Case 3.—J. H. H. 295336: J. F. H., white, male, age 61. History of bloody stools 
Some vomiting of blood three years before that. While 
Autopsy showed cirrhosis of the liver 


three months before admission. 
in hospital he passed large tarry stool. Died. 
ind thrombosis of the portal vein. 

Case 4.—J. H. H. 232449: W. M., white, male, age 57. Strong history of alcoholism. 
Admitted to the hospital for vomiting and bloody stools. Hb. 44 per cent. Died. 
\utopsy showed nodular cirrhosis of the liver, enlargement of the spleen and esophageal 


varices. 

Case 5.—J. H. H. 112680: L. W., colored, female, age 30. Sore throat 2.5 weeks 
before admission followed by fever and passing of blood per rectum. Patient died in 
the hospital and, at autopsy, was found to have a subacute gastro-enteritis, organism 
undetermined, with massive hemorrhage into the ileum and colon. 

Cases 6, 7 and 8.—J. H. H. 127538; J. H. H. 107352; and J. H. H. 135006. These 
three cases all presented blood in the stool as a chief symptom, and were all diagnosed 
gastric ulcer on roentgenologic or other evidence. 

Cases 9, 10 and 11.—J. H. H. 152677; J. H. H. 162159; and J. H. H. 272856. These 
three cases all presented blood in the stool as an important symptom, and all were proved 
to have carcinoma of the stomach. 

Case 12.—J. H. H. A-6901: C. E. G., colored, male, age 14 months. Vomiting of 
blood and blood-stained stools. At operation, based on roentgenologic evidence, a 
duodenal cyst was found and removed. Recovery. 

Case 13.—J. H. H. 195622: C. F. F., white, male, age 43. Bleeding into the bowel 
chief symptoms. Roentgenologic diagnosis of diverticulum of the duodenum. Operation 

excision of diverticulum. Discharged well. 

Case 14.—J. H. H. 260056: M. H., white, male, age 21. Two years before admission 
profuse bleeding from rectum. Gastro-intestinal series negative. Recurrence of bleeding 
at time of admission. Several large, dark bloody stools. Some pain to the left of the 
umbilicus. Exploratory celiotomy : Regional ileitis. Resection and anastomosis. Recovery 

Case 15.—J. H. H. 200330: N. C., colored, female, age 37. Nausea and vomiting. 
Passage of large amount of bright red blood per rectum. Hb. 62 per cent. Conservative 
treatment. Recurrence five months later. Exploratory celiotomy: Regional ileitis. 
Resection and recovery. 

Case 16.—J. H. H. 152063: W. S., white, male, age 38. Tarry stools for eight days. 
Hb. 57 per cent. Gastro-intestinal series showed a constriction at the pylorus. Explora- 
tory celiotomy: Stomach and pylorus normal. Meckel’s diverticulum found and resected. 
Recovery. 

Case 17.—]. H. H. 286391: G. W., white, male, age 22. Injection of some sclerosing 
fluid by physician two months before admission. Nine days before admission bright 
red blood in large quantities in stool continuing since that time. Examinations, including 
proctoscopic, were negative. Exploratory celiotomy was negative. Profuse bleeding 
after operation, at which time an artery in the rectal wall was discovered to be spurting. 
Controlled through the proctoscope. 

Case 18.—J. H. H. 181633: M. P., white, male, age 72. Massive hemorrhage from 
bowel. Lymphoid leukemia. 

Case 19.—J. H. H. 180084: H. S. P., white, male, age 26. Massive hemorrhage 
into the bowel. Myeloid leukemia. 

Case 20—J. H. H. 4486: M. L., white, male, age 41. Large intestinal hemorrhage. 
Hemophilia. 

Case 21.—J. H. H. 252723: S. K. W., white, male, age 40. No previous symptoms. 
Large bloody stools for the past two months. Admission because of sudden abdominal 
cramps, with massive bloody stools. Conservative treatment. Patient bled to death in 
spite of transfusions. Autopsy showed carcinoma at the splenic flexure of the colon. 
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The cases herewith recorded are too few and too heterogeneous for statis- 
tical study, but certain facts are evident. The patients were of all ages, of both 
sexes, and included both Negroes and whites. The patients with proved 


causes of bleeding present a variety of lesions, some of which may have 
been present but undiscovered in some of the unexplained cases. The fairly 
numerous cases of diverticulosis of the colon, associated with bleeding, may 
indicate that hemorrhage into the bowel is a more common occurrence in this 
condition than is generally believed. Similar bleeding must be recognized 
as an occasional symptom of the rarer conditions reported among the proved 
cases. The outstanding observation, however, is the quite considerable group 
of patients with large melena in whom careful and extensive study failed to 
reveal any explanation of the source or cause of the hemorrhage. 


SUMMARY AND CONCLUSIONS 


(1) Report is made of a collection of cases in which the presenting symp- 
tom was large hemorrhage, passed per rectum, of obscure origin. 

(2) The opinion is expressed that restorative treatment followed by care- 
ful study is the proper immediate treatment, and that early operation should 
not be advised. 

(3) These cases may be divided into three groups: (a) Those in which 
study reveals the definite cause of the bleeding; (b) those in which a lesion 
is discovered that perhaps accounts for the bleeding; and (c) those where 
exhaustive search fails to show any explanation. 

(4) The subsequent history of these patients with no detectable lesion 
may be free from any further bleeding, or subsequent hemorrhages may occur 
at varying intervals. 

(5) Surgical treatment should be carried out when a lesion of the type 
amenable to operation is definitely diagnosed after adequate study. Where 
recurrent bleeding is associated with a lesion that might be responsible, and 
this lesion is suitable for surgical intervention, operation should be advised. 
In the cases that remain completely unexplained, operation is only a resort 
of desperation in the face of repeated grave hemorrhages. Such an operation 
may still fail to discover or relieve the trouble. 


The writer expresses his thanks and obligation to Dr. Frank Inue for his help 
in collecting the data on the cases from the Johns Hopkins Hospital, and to Dr. Ray 
Curtis, for similar kindly services at the Union Memorial Hospital. 


Discussion.—Dr. Damon B. Prrirrer, Philadelphia: This is a strong clinical paper 
and valuable compilation of cases. Doubtless, nearly all of us, being clinical surgeons, 
have encountered cases similar to those which are related in detail by Doctor Stone. 

It is difficult for any man, however, to accumulate a great deal of personal experience, 
because such cases come along sporadically and in small numbers. 

McBurney once said: “Lord deliver me from man of one case.” However, many 
cases individually collected and analyzed are in reality a clinical research. I would 
like to add, very briefly, a few cases which have come under my own observation. 

About ten years ago, a man, age 57, was sent to me at the Abington Hospital, after 
a very severe, exsanguinating gastric hemorrhage. He had had typical ulcer symptoms 
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30 years before, associated with frequent severe hemorrhages and melena, and after 
five years he was sent to the late John B. Deaver, who explored him in the German 
Hospital, now the Lankenau. The roentgenograms had been negative. Everything else 
was negative, but Doctor Deaver was convinced from the history of this man that he 
had an ulcer. 

He found nothing by palpation and general exploration, but being sure that there was 
an ulcer he made a gastrotomy and examined every bit of that man’s gastric mucosa. 
Finding nothing, he closed him up. The duodenum seemed normal. 

A year later the man had the same kind of hemorrhage. Again he was brought 
to the hospital, this time being wary. He was examined medically; nothing was found. 
Doctor Deaver declined to do anything more, and a tentative diagnosis of purpura 
haemorrhagic intestinalis, was made. 

He continued at intervals of a year or a year and a half to have the same kind 
of hemorrhages. About the time he got built up he would be bled out again. He 
would get well in the meantime. 

With each hemorrhage he would have symptoms somewhat indicative of ulcer. 
Finally, after he had had about a 20-year siege of this thing, he was brought to me. 
I advised operation because he was exsanguinated and I felt sure from his history that he 
must have an ulcer. He refused to have the operation, and left. Eleven months later 
he had another such hemorrhage. This time he gave in and I explored him. 

I found no evidence of an ulcer directly, but where the duodenum approached the 
liver there was obviously an area of inflammation and adhesions. I decided to explore 
his duodenum. I made a duodenotomy, and there, sitting on the head of the pancreas, 
burrowing into it to some extent, but not enough to make a crater that you could feei 
with your finger, was a huge ulcer the size of a quarter, and in the bed of it was a 
plainly visible artery running across it. I destroyed the artery with the actual cautery, 
and finished the operation as a Finney pyloroplasty. That man in ten years has not 
bled nor had any symptoms of ulcer. 

Let me digress for a moment and mention the control of hemorrhage in such a 
case. (Demonstration) I have operated upon a number of such cases. Say this is the 
duodenum, and here is the pancreas. We find an ulcer here with an artery running 
across it, or perhaps one or two openings—just a little thread of artery in between. 
What are you going to do about it? Are you going to tie it—are you going to lift the 
duodenum and tie the gastroduodenal artery here, which is an operation of some 
magnitude? 

This experience with the cautery led me to believe that if you could cauterize an 
artery in such a way that it could be plugged back of the bed of the ulcer, in other 
words, so that gastric juices could not digest away the clot, it would be more successful 
than simply to tie it or to undertake the larger operation. 

It occurred to me on one such occasion to bend a probe, just an ordinary little 
probe, the bend of which would fit into the vessel, put it in the vessel, attach the electrode 
to it and burn it all the way back beyond the wall of the vessel. 

In one such case I was interested to find that not only was there active hemorrhage 
from the proximal artery, but also from the distal opening. There was enough blood 
coming from the distal opening to bleed profusely, which is one argument against the 
operation which only ties the proximal artery. 

Now, encouraged by that experience, a few years later I had a man with typical 
symptoms like the above; four hemorrhages over a span of II years; and negative 
roentgenograms. 

I explored his duodenum and found nothing. I finished his pyloroplasty, thinking 
he might have had hyperacidity and erosions. He bled again in a year. 

Another case was a man who had been perfectly well for over 40 years, admitted 


with a massive hemorrhage, both from stomach and bowel. He was semicomatose on 
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admission. He could never be gotten into condition for operation, although he had by 
drop 3,350 cc. of blood within 24 hours. At autopsy he had a small mucous erosion 
into an esophageal vein although there was no evidence of cirrhosis or of splenomegaly 
No exploration ever could have succeeded in finding that lesion. 

Another case was that of a woman with massive hemorrhages from the bowel. | 
examined her with a speculum, and there was a little spurt from a pinpoint hole in 
a vessel, and no surrounding inflammation. If it had not been actively bleeding | 
never would have found it. That would have been another case of “hemorrhage of 
unknown origin.” 

Another case, very recently, was that of a man who came in with very severe 
hemorrhage. He vomited some blood, but most of it passed from the rectum. He 
rallied from this and I went on a vacation. My associate explored him on the basis 
of a report from the roentgenologist that there was a suspicious lesion in his sigmoid. 
Nothing could be found; another “unknown origin” case. 

I have had the same experience that Doctor Stone mentioned, that of bleeding in 
diverticulosis. I was once skeptical of it, but the cdincidence is too great. I have 
thought of a reason which may or may not be right. 

A diverticulum is a sort of “blow-out” at the point where a vessel penetrates the 
outer wall of the colon. Usually this goes into an epiploic appendage. Those of you 
who have cut off an appendage without first clamping the base will remember what a 
sharp little hemorrhage occurs. The diverticulum and artery are side by side in the 
wall, and it is easy to understand that the vessel may be eroded by a combination of 
pressure and infection. Bleeding will then occur into the sigmoid, and on exploration 
there will be no external evidence of the site. 

I think Doctor Stone has rendered a useful service in collecting these cases and 
making us think about them. With a possible occasional exception, I agree with him 
entirely that if you have not the strongest clinical evidence as to what the lesion is, 
in the absence of any objective evidence, such as demonstrated roentgenologically, you 
had better let them alone. 


Dr. Tuomas E. Jones, Cleveland, Ohio: I would like to report a case, very briefly, 
of a young girl, five years of age, who had had repeated massive hemorrhages since 
the age of seven months. She came to the Clinic about a year ago, and all examinations 
were negative, as they are in most of these cases. Gastro-intestinal roentgenograms were 
negative. 

The patient never had pain. Naturally, after four years of this performance it was 
not a very hard job to sell her parents on an exploratory operation. This was done 
because I felt that perhaps she might have a Meckel’s diverticulum, because in the 
past 15 years I have had three occasions where this was the cause of massive hemorrhage. 

(Slide) This is a specimen that was removed. About six or eight feet from the 
ileocecal valve we encountered what appeared to be a reduplication of the small 
intestine. This was resected and a side-to-side anastomosis made, and the patient 
was dismissed from the hospital on the eighth postoperative day. This is the longest 
time the patient has been free from hemorrhage since she was seven months of age; 
therefore, we are probably right in assuming that this was the cause of the bleeding. 


Dr. ALTON OcHsNER, New Orleans, La.: There are two causes of obscure bleeding 
from the gastro-intestinal tract that I think should be emphasized. One is cholecystitis, 
which may produce the typical “red stomach”; the other, which has recently come to 
my attention, is the hemorrhage tendency resulting from the administration of large 
amounts of aspirin. 

I recently learned from Dr. Alberto Navarro, of Panama, of a patient who had 
recurrent massive hemorrhages from the gastro-intestinal tract. This patient had taken 
aspirin over a long period because of a migraine and, since it has been shown recently 
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that aspirin will produce an hypoprothrombinemia, it is likely that the bleeding in this 
case was due to this cause. * Since administration of vitamin K relieved the patient 
this conclusion seems likely. 

So it seems to me in patients in whom there is massive hemorrhage, and in whom 
we cannot find a cause for it, one might think of the possibility of the lowly therapeutic 
agent, aspirin, which is taken so readily by patients. 


Dr. FREDERICK CHRISTOPHER, Winnetka, IIl.: I want to present, very briefly, the case 
of a woman, age 26, who had repeated large hemorrhages from the rectum. Her 
hemoglobin fell to 26 per cent, and the red blood count was 1,400,000. 

Upon exploration an hemangioma was found to the ileum. It was readily identified 
by the bright red color, and originated in the antimesenteric border, and came up 
both sides. 

(Slide) This is a section taken through the bleeding point. After resection the 
patient made complete recovery. 


Dr. PH1teMoNn E. TRUESDALE, Fall River, Mass.: From what Doctor Stone has 
said, it can reasonably be presumed that all of the known causes of hemorrhage from 
the gastro-intestinal tract have been considered, though not mentioned. There is one 
which has not been presented here that I think is worthy of your attention, because 
it is far more common than is generally supposed. In fact, in relating the obscure 
causes of hemorrhage in the gastro-intestinal tract among elderly people—particularly 
women—that from esophageal hiatus hernia is probably the most common. 

Many of these patients have passed the meridian of life, and a fairly large per- 
centage of them is found to be anemic. If blood loss is not suspected, and the stools are 
not examined for occult blood, this source of hemorrhage will be overlooked. Unless 
this source is revealed, the hernia will remain untreated, and the cause of hemorrhage 
will inevitably continue, for if the presence of blood in the stools is not found before 
an abdominal operation is undertaken, it will not be discovered during the operation. 
The hemorrhage is due to abrasion or erosion, and originates from varices at the 
cardiac end of the stomach or from the base of an actual ulcer, both of which will be 
relieved by the operation for the cure of the hiatus hernia. 


Dr. Harvey B. Stone (closing) : I want to thank the various discussers. I might 
say in the published form of the paper the various conditions found will be recorded 
in different case reports. 

I want to add that you may be interested to know that among them is a spurting 
vessel in the rectum such as Doctor Pfeiffer recorded. and two cases of diaphragmatic 
hernia, such as Doctor Truesdale referred to, but I think Doctor Ochsner has introduced 
one we did not have—the changing in the blood coagulation by the use of aspirin. 

I realize that a paper such as this is apt to give rise to an experience-meeting type 
of comment, but I think we owe a debt to Doctor Jones for clearly pointing out that 
there does come a time in these cases of persistent recurring hemorrhage when you 
really must explore them, and when that time comes, as I said in the original talk, 
I think it depends upon the individual judgment of the doctor and upon the particular 
circumstances of the case. 
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THE TREATMENT of inflammatory rectal stricture has long been unsatis- 
factory. The causal relationship of lymphopathia venereum to rectal stricture 
is now generally conceded,’ **:4 but there is no such unanimity of opinion 
regarding treatment. There are many reasons for this difference of opinion: 
First, the strictures vary from simple fibrous narrowings causing no symp- 
toms to extensive lesions involving the rectum and colon with partial or 
cumplete obstruction. Second, the presence of ulcerations, sinuses and fistulae 
may complicate the problem. Finally, the degree of cooperation of the 
patient will determine management. Measures involving repeated clinic 
visits, prolonged administration of drugs or observance of careful hygiene 
are generally not employed successfully in such patients as form the bulk 
of our clinic practice. 

The various modes of attack on inflammatory rectal stricture may be 
grouped conveniently under four headings: (1) Drugs and antigens; (2) ir- 
radiation ; (3) dilatation; and (4) surgery. Brief reference to a few publica- 
tions will indicate the experience of other authors with these methods. 

Drugs and Antigens——Of the many drugs which have been employed in 
the treatment of lymphopathia venereum the sulfonamide compounds® ® are 
most noteworthy. Antigens of considerable potency have recently been 
developed. These agents either alone or in combination have been used suc- 
cessfully in the inguinal or early anorectal forms of the disease and in the 
later active inflammatory phases. The stricture itself, however, has been 
affected only indirectly through control of the associated inflammation. 

Irradiation.—Reports are contradictory concerning roentgenotherapy in 
lymphopathia venereum even in the inguinal and early anorectal forms of 
the disease. After the formation of fibrous stricture it is reported to be of 
no benefit.? Transitory relief by short wave diathermy® ® has been attributed 
to the dilating effect of the instrument inserted into the rectum. 

Dilatation —The apparently simple and direct approach by dilatation has 
been widely employed both alone and in conjunction with drugs and surgery. 
Dilatation alone is not conspicuously successful,’° and is not without danger. 
Warthen advocated a sigmoid colostomy with simultaneous obliteration of the 
cul-de-sac in order to obviate the danger of perforation during dilatation of 
the stricture.1! He reported ten cases in which the stricture seemed to be 


relaxing. 





* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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Surgery.—Surgical efforts have been directed toward diversion of the 
fecal stream by colostomy, plastic procedures on the strictured area and radical 
resection of the infected rectosigmoid. Colostomy has usually been employed 
at an advanced stage, with no constant success in arresting the progress 
of the disease. Ingenious operations designed to enlarge the caliber of the 
stricture by ‘‘tunnel” grafts,’* and other procedures, have not been widely 
employed. 

Perineal resection of the rectosigmoid following colostomy was success- 
fully carried out by Barber and Murphy,’* Edwards and Kindell,1* and by 
Bacon.'° Two of these series included instances of protracted perineal 
infection. In 1922, Hartmann’ reported two abdomino-perineal resections 
with one successful result and one operative death. In discussing this type 
of treatment, subsequent authors generally decry such an extensive operation. 
Morris" in 1940 reported a single successful abdomino-perineal resection for 
inflammatory stricture of the rectum. 


CLINICAL MATERIAL 

We have analyzed the records of 192 cases of inflammatory rectal stricture 
treated at the Cincinnati General Hospital during the past 25 years. All 
presented the clinical picture now recognized as stricture due to lymphopathia 
venereum. Eighty-six per cent of 105 tested cases gave positive reactions 
to lymphopathia venereum antigen. Whenever microscopic examination of 
tissue from the stricture was carried out, the picture was that of nonspecific 
inflammation. 

A brief case summary will be illustrative: 


Case Report.—G. J., colored, female, age 37, was treated for severe proctitis 
during a period of seven months in 1929. At the same time she underwent hemorrhoid- 
ectomy and fistulectomy. In 1937, during hospitalization for acute pelvic cellulitis, 
she gave a story of progressively increasing constipation, diminution in the caliber 
of her stools, rectal and vaginal discharge, and intermittent slight rectal bleeding. 
Examination showed small granulomatous masses about the vulva with a rectovaginal 
fistula. Five centimeters above the anal margin there was a dense fibrous stricture which 
would not admit the finger tip. Kahn and Frei tests were positive. Biopsy of the 
stricture showed chronic inflammation. In 1939, she was treated conservatively for 
an episode of low intestinal obstruction. Following a second episode in 1940 a two- 
stage abdomino-perineal resection, by the Lahey technic, was carried out with marked 


improvement in her general health during the ensuing three years. 


This history is characteristic of the resected cases in our series. 
It should be emphasized, at the outset, that we are considering only that 
phase of the disease after the formation of fibrous stricture. While many 


authors report encouraging results in treating the early stages of the infection, 
results in treatment of fibrous stricture are less satisfactory. 

Our cases have been divided into two groups, depending on the severity 
of symptoms. We have classified as “mild” those patients who have no 


fistulae or sinuses and whose loss of weight is below 20 pounds. We have 
599 








WOODS AND HANLON : Annals of Surgery 


October, 1944 


classified as “severe” those patients with at least one fistula or sinus or 
with loss of weight of at least 20 pounds. While admittedly arbitrary, this 
classification gives an objective basis for analysis. 

Our material is derived from a general hospital in which 37 per cent of 
the patients are colored. In this study, however, 85 per cent of the patients 
were colored. As in most reported series, females predominate in a propor- 
tion of nearly seven to one. The average age when first seen was 34 years 
with extremes of 19 and 65. A positive serologic test for syphilis was obtained 
in 32 per cent. Another 15 per cent gave a history strongly suggestive of 
this disease. 

Results have been recorded as “good,” “fair” and “poor.” Those who 
have maintained a gain in weight, who are without discharge from the 
perineum or colostomy, and who are free from subjective difficulty with the 
rectum or colostomy are considered “good.” Those who maintain their 
weight but continue to have symptoms, such as purulent or bloody discharge, 
abdominal cramps or difficulty with the colostomy, are considered “fair.” 
As “poor” results, are classified those whose symptoms are unrelieved or 
aggravated. 

Treatment consisted of dilatation, sulfonamide therapy, roentgenotherapy 
and surgery. In many cases different methods of treatment were successively 
employed before symptoms were finally relieved. Repeated disappointment 
with conservative management led to increasingly frequent use of radical 
resection. The first perineal resec- 
tions were performed by Dr. Mont 
R. Reid and Dr. B. N. Carter, and 





panonnge later radical abdomino-perineal re- 

—_— Pi cops section was carried out at their sug- 
wl aia atti gestion. An attempt has been made 

100 - send to evaluate the independent role of 
MILD - 32 CASES — each method in the attainment of the 


final result. 


DILATATIONS 


In this series 108 patients were 
treated by dilatation. The usual pro- 
gram embraced one or more dilata- 
tions under anesthesia in the hospital, 
with subsequent treatments in the 
dispensary. Eighty-two patients were 
subjected to 156 dilatations under 
anesthesia, the number of treatments 
varying from one to seven. There is 
information adequate for analysis in 
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77 cases, of which 32 were “mild” 
and 45 were “severe” (Chart 1). 
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Cuart 1.—Results of dilatation. 
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Of the former, seven (21.8 per cent) were “fair” results and 25 (78.2 
per cent) were “poor.” In the “severe” group two (4.4 per cent) were “fair” 
and 43 (95.6 per cent) were “poor.” No “good” results were obtained by 
dilatation. Regardless of the trifling character of the symptoms, results are 


‘<é 


not classified as “good” unless there was definite improvement. 

Four patients died of peritonitis in eight hours to ten days. Two died 
vith a syndrome resembling shock within eight hours after dilatation under 
anesthesia. In one of these, autopsy showed acute gangrenous proctitis. 
One patient died of infection two months after dilatation. As a direct 
result of the disease 11 others died at periods up to 13 years after dilatation. 

The average follow-up period in this group was 4.2 years. If those who 
died in the hospital as a result of dilatation are excluded, the average is 


4.6 years, with extremes of one month and 23 years. 


SULFONAMIDE THERAPY 


Our small experience with sulfonamides supports the common opinion that 
these agents inhibit the primary process and the secondary infection. We 
have not used sodium sulfanilate and sodium sulfanilyl sulfanilate, but our 
use of sulfanilamide, sulfathiazole and sulfadiazine has resulted in no dramatic 


improvement in these dense fibrous strictures. The average treatment period, 


however, has been insufficient to allow a fair evaluation of the drugs’ 


effectiveness. 





ROENTGENOTHERAPY COLOSTOMY witHout RESECTION 


Among seven patients treated by 34 CASES 
roentgen irradiation there were two 
‘ ” []- 6000 
good” results, both of whom had EB - FAIR 
er “ee int mm - POOR 
colostomies before irradiation. Three 
of the remaining five cases had colos- 
tomy and irradiation with little benefit. 
MILD-6 CASES SEVERE -28 CASES 


COLOSTOMY WITHOUT RESECTION 


This method was used in 34 pa- 
tients, in 82 per cent of whom the dis- 
ease was “severe.” In contrast, the 
process was considered “severe” in 
69 per cent of cases subjected to re- 
section, while only 58 per cent of 
those treated by dilatation were so 
classified. 

There were six “mild” cases 
(Chart 2) with results equally di- 
vided between “fair” and “poor.” Conte 2—Siiais 0 ellen. 
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Death due to postoperative complications accounted for two of the “poor” 
results. 

Among 28 “severe” cases there were five (17.8 per cent) “good” results, 
of whom two had concomitant roentgenotherapy and one sulfanilamide. Six 
(21.4 per cent) were classified as “fair,” irradiation being used in two. Of 
17 (60.8 per cent) “poor” results, two died of postoperative complications 
and two developed carcinoma several years after operation. 

In summary, 15 per cent of this series obtained “good” results after 
colostomy, while an additional 26 per cent were improved. The average 
fullow-up period excluding those who died in the hospital was three years 
and nine months, with extremes of six months and ten -years. 


RADICAL RESECTION 


Our experience with radical resection of the rectosigmoid for lympho- 
pathia venereum embraces 35 cases. The average follow-up period was two 
yéars and seven months, with extremes of one month and ten years. In 
three, the follow-up was inadequate so that conclusions are based on 32 cases 
(Chart 3). Perineal resection was the procedure originally employed, but 
difficulties, which will be discussed 
later, led to adoption of the combined 





RESECTION : ~ 
abdomino-perineal operation. Ten 
32 CASES yt ! 

cases were of the “mild” variety. 
G} - e000 Eight of these (80 per cent) made 
100 MB - POOR good recoveries. One, a “fair” result, 
ad a prelimi ‘ loop-colostomy two 

nese severe-zecases| 12d a preliminary loc p-cc lostomy tw 
sie months before a combined abdomino- 

6 4 . . eh) . 

* a 77.37% perineal resection. Though his gen- 
eral condition improved greatly he 


continued to have bloody discharge 


: ™ from the blind loop distal to the colos- 
& tomy. The one “poor” result had a 
. é loop-colostomy followed two years 
later by a perineal resection. He de- 

veloped a series of perineal abscesses. 

20 pat The relationship of persistent perinea! 


infection to incomplete resection of 
the diseased recto-sigmoid is signifi- 
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mice. 








Cuant 3.—Results of resection. Twenty-two cases were classified 
as “severe.” The results of resection in seventeen (77.3 per cent) were 
“good.” “Fair” results were obtained in four (18.2 per cent), of whom 
two had slight prolapse of the colostomy, one had dyspareunia and symptoms 
suggesting bowel obstruction, while the fourth had’ persistent mild diarrhea. 
The single “poor” result in this group had a perineal resection with persistent 
perineal drainage 27 months later. 
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There was uniformly rapid improvement in health and weight among the 
25 patients considered “good” results and the five classified as “fair.” In all 
these instances the perineal wound healed completely. 

The series includes 23 combined abdomino-perineal resections in one or 
two stages and nine perineal resections (Chart 4). In the former group are 


, 


results, 





20 “good” and three “fair’ 


while in the warn there ow ae RESECTION 
“ood,” two “fair,” and two “poor os ones 
results. We believe that the blind Gd - ene 


loop of rectosigmoid distal to the M@™ - POOR 


colostomy in perineal resections ac- jalan a0 ails 
counts for “poor” results in this group. 97% PERINE AL 
Such a loop may harbor active infec- ed iia 
tion leading to an unhealed perineal 
wound or to persistent discharge from 
the colostomy. Resection of the 
blind loop in one patient gave com- 55.6% 
plete symptomatic relief. * 
Occasionally the disease may be 
found above the sigmoid. In three 
instances it was necessary to resect the 
entire left side of the colon together 
with the rectosigmoid. This was done 


once as part of the primary procedure, 


























and twice because of granulomatous 
stricture developing in the sigmoid — e,C%4¥ dca Comenst of, ‘psylts, in, gbdoming 
colostomy. We have not seen in- *e*ction (Lockhart-Mummery). 
volvement of the right side of the colon. 

In this series of 35 resections there were no operative deaths. We wish 
to emphasize, however, that this is a procedure of considerable magnitude, to 
be undertaken only after conservative methods fail. 


Discussion.—A review of the preceding data affords no positive basis 
for choice of a single therapeutic method in all cases of inflammatory rectal 
stricture. Treatment in every case must be governed by the stage of the 
disease, the degree of cooperation of the patient and the response to con- 
servative therapy. With asymptomatic stricture, insistence on careful hygiene 
and regulation of the bowels may be sufficient. Patients have been followed 
for as long as 20 years in this series without appreciable progression of 
symptoms. 

With strictures showing evidence of inflammatory activity or intestinal 
obstruction, more active treatment is necessary. This may consist of sulfona- 
mides, with which good results have been reported both in the early stages 
of the disease and in secondary infections. While our experience has been 
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limited, we have not seen resolution of firm, fibrous strictures as reported 
Ly some authors.® ° 

Antigen therapy has been recommended for all forms of the disease, but 
published reports offer little encouragement for treatment of rectal stricture 
by this method. Our experience with antigen therapy has been negligible. 

Dilatation has been widely used. It affords temporary relief of obstructive 
symptoms in the great majority of patients, although the risk of exacerbating 
the infection or perforating the bowel is commonly recognized. Our experience 
includes seven deaths attributable to this procedure. 

With an inflammatory rectal stricture that does not respond to con- 
servative measures, colostomy may be expected to eliminate obstruction 
and, in many patients, to mitigate the inflammatory symptoms. Forty-one 
per cent of such patients in our series were improved by simple colostomy. In 
comparing this with the resected cases, of whom 94 per cent were improved 
it should be recalled that a higher percentage of “severe” cases were subjected 
to simple colostomy. This may account partially for the “poor” results in 
the latter group. 

Several authors have reported radical removal of the diseased recto- 
sigmoid,'*: 14 15, 16 17 usually by perineal resection. Failures following this 
operation may be attributed to extension of the disease beyond reach of the 
perineal approach. The only “poor” results in our series of resections 
occurred with the perineal approach, because of persistent drainage from 
the perineum or from the distal colostomy loop. Twenty-three combined 
abdomino-perineal resections, of which 16 were in one stage, gave quite satis- 
factory results. Certain of these cases might have been managed with equal 
success by less radical methods. In the majority, however, the rapid restora- 
tion of the chronically ill patient to good health apparently justified such 
drastic treatment. 

Although we have used the one-stage procedure more frequently we 
now believe that the first stage of an abdomino-perineal resection by the 
Lahey technic is the operation of choice. The patient is thus prepared for 
removal of the disease-bearing area by abdomino-perineal resection should 
continued severity of symptoms require it. 

Development of squamous cell carcinoma has occurred three times in our 
series of 192 cases. These patients had been under treatment for three, 
four and seven years, and all had positive Frei tests. The incidence of 
1.6 per cent in our series may be compared with 8.6 per cent in that of 
Barber and Murphy.'® Although this complication rarely is mentioned by 
other authors,!® it constitutes a further factor for consideration in the treat- 
ment of chronic inflammatory rectal stricture. 


SUMMARY 

An analysis of 192 cases of inflammatory stricture of the rectum treated 
at the Cincinnati General Hospital has been presented. Various methods of 
treatment have been discussed and the results noted. Thirty-five patients 
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were subjected to radical excision of the rectosigmoid with generally satis- 
factory results and without an operative death. It is emphasized that this 


method of treatment is indicated only after conservative methods fail. 
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Discusston—Dr. VERNON C. Davin, Chicago, Ill.: I have been interested and 
instructed by the Cincinnati group in their surgical approach to the management of in- 
volvement of the rectum by lymphogranuloma: inguinale. A number of years ago, when 
[ was more active at the Cook County Hospital, I examined a large number of patients 
having such lesions. A brief summary of our impressions would stress the fact that a 
small percentage had ever had a suppurating inguinal bubo. I have never been impressed 
with the theory that rectal involvement is due to lymph blockade but rather feel from the 
history and early pathology that the majority of patients have had a contact infection. 
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This impression is further augmented by the ulceration from this disease found on fingers 
and on the tongue. While most of the rectal lesions are sharply limited to the lower 
bowel, I have operated upon at least two patients who had segmental involvement of 
other areas in the colon, and one of these patients had concurrent epilepsy, which may 
have been due to meningeal involvement. I am strongly of the opinion that we are 
dealing with a constitutional disease with local lesions which are primary or arise 
from contact infection. 

In stricture of the rectum we found that local applications, dilatation of the stric- 
ture, or treatment with tartar esuetic were ineffective. Colostomy gives great relief 
to many patients but if local improvement was great and marked stricture had not 
developed, the reestablishment of local continuity resulted in immediate exacerbation of 
the local lesion in the rectum. We have observed a few patients who had operative 
removal of the stricture, with union of the bowel. Local recurrence was prompt. 

Since the use of sulpha drugs many patients suffering with lymphogranuloma 
inguinale of the rectum have been markedly improved or cured. In recent years, two 
private patients with rectal stricture, one with a colostomy, and both with active 
ulceration of the rectum, have been cured by sulfanilamide. Their strictures have been 
successfully dilated and the colostomy closed and they have been under observation and 
well for almost three years. Unfortunately, all patients with rectal ulceration and 
stricture and with a positive Frei test have not been cured and it is this group of patients 
that colostomy failing to relieve their symptoms fall into the category discussed by the 
authors this afternoon. They have rendered a distinct service in bringing their experience 
to us and I have been favorably impressed by their arguments for radical removal of 
the lesion in a selected group of patients who have resisted all other methods of treatment. 


Dr. C. Rottins Hanton (closing): I have little to add to what Doctors Woods 
and David have said, except to emphasize once more the dangers of dilatation. The 
safety of dilatation carried out in the Out-patient Department is in sharp contrast to 
the risk in the method we report, where the dilatation was carried out under anesthesia, 
with many fatal results. 

Paradoxically enough, our review of these cases has led us to be more conservative 
than we might have been several years ago, since we realize that many cases will not 
need a combined abdominoperineal resection as we once believed, but rather, colostomy 
by the Lahey technic and treatment with the sulfonamides. If the results are satisfactory, 
leave them in that stage, and many of them get along very well. 

















INFLUENCE OF ESTROGENS ON THE PERIPHERAL 
VASOMOTOR MECHANISM* 


Epwarp J. McGratn, M.D., anp Louis G. Herrmann, M.D. 
CincInNATI, OHIO 


FROM THE DEPARTMENT OF SURGERY, COLLEGE OF MEDICINE OF THE UNIVERSITY OF CINCINNATI, AND THE 
CINCINNATI GENERAL HOSPITAL, CINCINNATI, OHIO. 


THE EXPERIMENTAL STUDIES forming the background for the present 
clinical report stem from an observation made by Maurice Raynaud, himself, 
in the first of the two patients described by him in his original classical expo- 
sition, in 1862, of the syndrome bearing his name: 

“Menstruation does not appear to have any influence upon 

the appearance of the phenomenon, but it is a remarkable fact 

that the complete disappearance of attacks of local syncope has 

always been noted by this lady as the first index ef a com- 

mencing pregnancy.’ (Author’s italics). 
Predicating the possibility that the physiologic mechanism underlying this 
observation of Raynaud was associated with estrogenic substances, one of us 
(McGrath), in 1933 conducted a series of experiments, and in 1935 sub- 
mitted what is, to the best of our knowledge, the first published report of 
purely experimental work in this field.’ 

3riefly, those studies consisted of an evaluation of the effect of estrogens 
upon experimentally produced peripheral gangrene in the tail of the albino 
vat. Such gangrene was induced by the parenteral administration of an ade- 
quate quantity of ergotamine tartarate. The resultant lesions having been 
studied grossly and microscopically (Figs. 1-4), several series of animals, 
male and female, were set-up in parallel groups consisting of a control 
group, a similar group intoxicated with ergotamine tartrate, and a third 
group similarly intoxicated with ergotamine, but shielded by the daily 
administration of estrane in the form of theelin. It was observed (Tables 
I and II) that all unprotected animals developed gangrene of the tail. 

TABLE | 


MALES 


A SUMMARY OF THE MALE RATS OF THE FIRST THREE SERIES. ERGOTAMINE WAS ADMINISTERED AS A SINGLE DOSE 
AT THE START OF EACH SERIES. THE THEELIN INJECTIONS AND THE PERIODS OF OBSERVATION WERE SYNCHRONOUS 
WITH CORRESPONDING SERIES OF FEMALES, AS INDICATED IN TABLE II. 


Series I Series II Series III 
Ergotamine Ergotamine Ergotamine 
25 mg. per Kg. 40 mg. per Kg. 60 mg. per Kg. Totals 

DOE SON chs bas oh Seow Sede wee ce 30 15 15 60 
ye er ee er ere 10 5 5 20 
Rats receiving ergotamine alone. ....... 10 5 5 20 
Rats receiving ergotamine & theelin..... 10 5 5 20 
Theelin in rat units daily.............. 2 5 g a 
Gangrene in normal controls, .......... 0 0 0 0 
Gangrene without theelin...: ......... 10 5 5 20 
Gangrene with theelin................. 10 5 5 20 
0 0 0 


(I iv.6dn Goud saccosles steno scenes 0 








* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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All protected male rats also developed gangrene of the tail. Only two female 
rats, however, out of 40 protected with theelin, developed gangrene of the 


tail, and in these two the amount of gangrene was incomparably less than 
in the control animals. These findings were confirmed independently by 


with ergotamine tartrate. 


Fic. 2.—Cross-section of tail of rat after intoxication with ergotamine (200x). Note 
thrombosis of the central artery. 
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TABLE I] 
FEMALES 
A SUMMARY OF THE FEMALE RATS OF THE FOUR SERIES. ERGOTAMINE WAS GIVEN IN A SINGLE DOSE AT THE START 
OF EACH SERIES. THEELIN INJECTIONS WERE CARRIED ON OVER PERIODS OF 30 DAYS, AS FOLLOWS; 
Series I Series II Series III Series IV 
Ergotamine Ergotamine Ergotamine Ergotamine 
25 mg 40 mg. 60 mg. 100 mg. 
per Kg per Kg. per Kg. per Kg. Totals 
30 30 30 30 120 


Normal controls 10 10 10 16 40 
Rats receiving ergotamine alone...... 10 10 10 10 40 
Rats receiving ergotamine & theelin... 10 10 10 40 
Theelin in rat units daily 3 3 5* — 
Gangrene in normal controls 0 0 0 
Gangrene without theelin 10 10 40 
Gangrene with theelin 0 2 2 
Deaths. . 0 1 1 
* The five rat units daily was the standard dose for this Series. In the four rats with trophic changes, ten 


Total rats 


rat units daily were given. 


Series I (sees eee. 8, 1933—Jan. 7, 1934 
Series II soe wie ele 15, 1934—-Feb. 14, 1934 
Series III............March 1, 1934—March 31, 1934 
Series IV .....April 25, 1934—May 24, 1934 


The rats were observed for an additional 20 days thereafter. 


Suzman, Freed and Prag,” and by Ratschow and Klosterman,’ in 1938. The 
former investigators, following through a predication made by us, demon- 
strated further that in castrate male rats, the protective action of estrogens 
was quantitatively the same as it was in females. In the same year (1938) 
Reynolds* concluded from extensive investigations conducted in his laboratory, 
that the mode of action of estrogens was essentially that of local liberation of 
acetylcholine; that the estrogens were, in other words, cholinergic. 

This report represents our experience, during the past ten years, in trans- 
lating the foregoing experimental studies into clinical therapeutics. Inasmuch, 


TABLE III 
PERIPHERAL VASCULAR DISTURBANCES 


A. Vasomotor or functional disturbances: 
I. Vasoconstrictor disturbances: 
1. Raynaud's syndrome 
2. Acrocyanosis 
il. Vasodilatory disturbances: 
1. Erythromelalgia 
2. Acute painful osteoporosis 
B. Organic diseases of the arteries: 
I. Traumatic (chemical and thermal): 
1. Embolism and simple thrombosis 
2. Arteriovenous aneurysm 
3. Injuries from phenol and all caustics 
4. Frost-bite 
nflammatory (toxic): 
. Thrombo-angiitis obliterans 
. Specific arteritis (syphilis) 


II. 
1 
? 
3. Non-specific arteritis (examthemata; typhoid) 
Non-specific arteritis (chronic toxemia; ergotism) 
5. Endarteritis obliterans (cause underermined) 
III. Degenerative changes: 

1. Arteriosclerosis (senile, diabetic) 

2. Monckeberg’s medial sclerosis 
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as a wide range of peripheral vascular disturbances have been studied, it is 
necessary, for purposes of clarity, that some order be followed in discussing 
them. Classifications of diseases of the peripheral vascular system, based 
upon known or suspected etiologic factors have become fairly well standardized 
within the last decade (Table III). For diagnostic and, to some extent, 


2) > 


hw 


~ a a 
Fic. 3.—Cross-section of tail (z00x). The intima of the central arteriole has 


proliferated markedly. The large vessel containing the thrombus is the main artery 
of the tail. 


prognostic purposes, such classifications are indispensable. For purposes of 
therapy, however,—unless one is content with a nihilistic or defeatist approach 
to the problems—, such catalogues are either too cumbersome or, since they 
emphasize etiology alone, ignoring the pathologic physiology involved in these 
disease processes, too complex to be of any great value as therapeutic guides. 
We have found it advantageous, therefore, to regroup and greatly simplify the 
classification of diseases of the peripheral vascular tree as follows (Table IV) : 

It is obvious that such a classification, based as it is upon the pathologic 
physiology involved in the peripheral vascular disturbance, cuts rather sharply 
across the standard classification of such diseases. It is constructed as a 
therapeutic rather than an academic guide, and is intended to be an adjunct 
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to, rather than a substitute for, the customary classification of peripheral 
vascular diseases. 

Our experience during the past ten years has demonstrated that Group IV 
is composed in great part of those patients who originally belonged in 


TABLE IV 
CLASSIFICATION 

Group I. Primary vasomotor disturbances: 

A. Raynaud's syndrome 
Group II. Primary structural vascular diseases with secondary vasomotor disturbances 

A. Thrombo-angiitis obliterans 

B. Arteriosclerosis obliterans 

C. Acute arterial occlusions 

D. Chronic long-standing phlebitis 
Group III. Primary vasomotor disturbances with secondary structural vascular changes 
, A. Raynaud's syndrome with trophic changes in digits 
Group IV. Primary and predominantly structural vascular diseases 

A. Advanced arteriosclerosis obliterans 


Fic. 4.—Cross-section of tail (200 x). Area of thrombophlebitis. The thrombus, the 
invade 


walls of the vessel, and the perivenous tissues are inva 
leukocytes. 


ed with polymorphonuclear 


Group II but in whom the organic lesion has progressed to the point of 
involving practically the entire arteriolar bed of the involved extremity 
or extremities, thereby, so completely dampening the effective operation of the 
iutonomic vasomotor control mechanism as to render its influence negligible. 
Chese patients, we feel, should be eliminated promptly from the present dis- 
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cussion by the frank admission that we have failed in treating them with this 
or any other form of therapy to help them either subjectively or objectively. 
On the other hand, Group III patients represent, for clinical purposes, an 
extension of and exaggeration of the phenomena observed among patients 
composing Group I. Their segregation into a special class is warranted only 
by the quantitative difference in the problem presented. We have preferred 
to discuss all such patients under the single heading of Group I. Furthermore, 
in concert with most present day clinicians, we have felt that efforts to sub- 
divide primary vasospastic disturbances into numerous “named’’ diseases 
are both confusing and at variance with current opinion concerning the 
pathologic physiology involved in these syndromes. As a generic term we 
have made use of the appellation “Raynaud’s syndrome.” 

In 1940, we submitted the first report of our experience with patients 
belonging in Group II. In that discussion, we limited ourselves to patients 
suffering from active inflammatory disease of the peripheral vascular tree. 
Even before that time, however, our own experience corroborated that 
reported by other clinical investigators; namely, that in the majority of 
cases of early and moderately advanced degenerative arterial disease the 
influence of the vasomotor mechanism was far from negligible. It is im- 
possible, in the time available, to adduce the accrued evidence in support of 
this thesis except by bibliographic reference. Suffice it to say here, that 
the significant réle played by the vasomotor mechanism in degenerative 
disease of the peripheral arterial tree is today a well established and accepted 
clinical entity. It would be superfluous, also, to elaborate upon the profound 
role played by the vasomotor control mechanism in acute arterial occlusion. 

The subgroup designated “chronic long-standing phlebitis’ requires some 
explanation. By definition, we have included in this category only patients 
whose phlebitis is of more than one year’s duration. In many instances, 
the process had been present for upwards of ten years. By definition, also, 
we have included only patients in whom the inflammatory process was recur- 
rently active. Such patients experienced intermittent episodes of pain, 
burning, and a sense of heaviness in extremities which were chronically swollen, 
indurated, discolored and in many instances ulcerated. This excludes, on 
the one hand, recent, acute thrombophlebitic or phlebothrombotic processes, 
and, on the other, the phlegmasia of old phlebitic processes in which active 
inflammation was no longer a factor. We feel that we are not alone in the 
belief that, in such patients as are herein classified, the element of vasomotor 
imbalance is a not inconsiderable one. 

On quite a number of patients in each group, we have made repeated 
instrumental vasomotor studies, using both the elaborate technic of alternation 
of total environmental temperature conditions, as well as the simpler and 
more practical vasomotor index tests of Coller, and of Landis. In those 
patients on whom such studies were made, we found both before and after 
the use of estrogens, the tests, in great part, paralleled the clinical picture. 
Because, however, of the very narrow margin between peripheral circulatory 
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competency and incompetency in many of the patients with primarily organic 
arterial disease, evaluation of the changes found by vasomotor test has been 
extremely difficult. And in view of the sharp clinical alterations observed 
we have felt justified in omitting from the present brief discussion, data 
relative to these tests. 

The form in which estrogenic substances have been used has varied over 
the ten-year period as the field of choice has widened with the successful 
synthesization of estrone and its esters. At first we used estrone as theelin, 
initially in aqueous solution, later in oil, and more recently as an aqueous 
suspension. When a-estradiol was introduced, we tried it in the form of its 
benzoate ester, both as Ben-ovocylin (Ciba) and as Progynon B (Schering). 
Neither of these seemed to be quantitatively satisfactory from clinical observa- 
tions. With the development of a-estradiol diproprionate, however, at the 
advice of and with the most generous cooperation of the Ciba Corporation, 
we changed to this substance (Di-Ovocylin). The results were most gratify- 
ing and for the past two years we have used it exclusively in the treatment 


under discussion. Dosage has been empirical and individual. For the most 
part, we have found the minimal effective dosage to be 0.5 mg. given three 
times weekly for a period of eight weeks. In quite a few instances, however, 
it was necessary to increase this to 1.0 mg. given at the same interval. In 
retrospect, moreover, we feel that the cases hereinafter reported as failures 


might have benefited by the use of larger dosage such as 2.5 or 5.0 mg. 

Such large amounts, however, in the light of our present knowledge, cannot 
be used without great caution. With women in particular, we found it 
necessary to be more cautious, because of the primary effect of estrogens 
upon the genital organs. It should be noted, however, that in women still in 
active menstrual life, suffering from vasomotor imbalance, there is almost 
always a pronounced tendency to hypomenstrual function; with the result 
that the critical range of tolerance in the administration of estrogens to these 
women is really much wider than might be anticipated. By way of caution, 
however, we have limited our initial trial dosage in women prior to menopause, 
to I.o mg. three times weekly, increasing this only in rare instances. The 
customary precautions regarding the breasts and genitalia, were observed 
here as in any administration of estrogenic substance for any purpose. In only 
one instance was a serious complication encountered. In that patient it was 
impossible to control increasing attacks of severe angiospasm with doses small 
enough to avoid serious menorrhagia. Ultimately, we removed her uterus 
transvaginally, and following her uneventful recovery, continued to use 
estrogen at an adequate level. The uterus failed, on minute gross and micro- 
scopic examination, to reveal any evidence of malignant change. 

This report extending over the ten years ending January I, 1944, in- 
cludes 345 patients, distributed as in Table V. A few additional comments 
should be appended to the data contained in that analysis. Group 1-A 
includes 13 women long past their menopause, in whom the vasospastic 
phenomena developed quite suddenly and progressed with unusual rapidity. 
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TABLE V 
ANALYSIS OF DATA 


Total Number of Patients oe 


Total Patients Males Females Age Range Average Age 


Group I 
Raynaud's syndrome .....: 163 97 14-67 37 years 
Group II 
Thrombo-angiitis obliterans 34 22-47 37 years 
Arteriosclerosis obliterans 48 35 42-83 58 years 
Acute arterial occlusions 26 24-67 52 years 
Chronic long-standing 
phlebitis ; 74 18 5 23-69 40 years 


In them, the response to estrogen therapy was gratifyingly prompt and, appar- 
ently, complete. This category (Group I-A) contains, also, six patients in 
whom severe trophic changes had occurred in the fingers (Group III). 
Group II-B requires further comment. In these patients, most of them 
past middle age, whose disease involved the lower extremities, every effort 
was made to provide satisfactory static correction of the feet, before the 
present therapy was instituted. In about 33 per cent of all patients of this 
age-group (45-70) seen, such orthopedic correction of the feet eliminated 
the patient's symptoms. Such patients were not included in this series. It 
should be noted, however, that while such correction apparently did not give 
subjective relief to the patients included in the present report, when such 
correction was omitted, the amount of estrogen necessary to be effective 
was noticeably greater, and vice versa. In all instances meticulous hygiene 
oi the extremities, particularly the feet, was instituted and its observance 


by the patient insisted upon. 


TABLE VI 


END-RESULTS 
Unsatisfactory 


Satisfactory Other Therapy 
Group I 

Raynaud's syndrome 160 Sympathectomy 
Group II Unknown 

Thrombo-angiitis obliterans ; 29 Amputations 

Arteriosclerosis obliterans ... 48 0 Unknown 

Acute arterial occlusions 24 2 Amputations 

Chronic long-standing phlebitis 69 5 Unknown 

Table VI summarizes the results of estrogen therapy in these 345 
patients. Necessarily, the significance of the designation “satisfactory,” varies 
with the groupings. Briefly, the criteria used in determining a satisfactory 
result were as follows: 

1. Raynaud’s Syndrome: Cessation of episodes of “local syncope” ; 
termination of activity in trophic lesions, when present; return of the in 
volved extremities to normal color, texture, and local temperature ; cessatio1 
oi sensory disturbances ; and ability of the individual to withstand cold weather: 
without abnormal changes in the involved extremities. 

2. Thrombo-angiitis Obliterans: Termination of activity of the inflam 
matory process when present ; freedom from recurrences for not less than tw: 
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years, or, at least, the ability to abort an incipient attack by the prompt admin- 
istration of estrogen therapy. 

3. Arteriosclerosis Obliterans: Elimination of intermittent claudication, 
painful feet, subjective coldness of the feet, and, when present, cessation of 
gangrenous processes involving the toes, without further spread. 

4. Acute Arterial Occlusion: All these patients were treated with passive 
vascular exercise, in addition to the administration of estrogenic substance. 
The term “satisfactory result” indicates here that in comparison to a similar 
group treated with Pavaex alone, there was, in these patients, a reduction of 
approximately 50 per cent in the time required for the involved extremity to 


reach a safe level of circulatory efficiency. 

5. Chronic, Long-standing Phlebitis: Cessation of pain and discomfort ; 
healing of all ulceration and dermatitis ; elimination of all discoloration except 
permanent pigmentation of the skin; disappearance of brawniness and indura- 


tion of tissues, and an appreciable reduction in swelling of not less than six 
months’ duration. We have never been able to eliminate all such edema. 

As suggested heretofore, we suspect that some of our failures might 
have been avoided, had we been willing at that time to use larger doses of 
Di-Ovocylin. Such a conjecture obviously does not apply to the two cases 
of acute occlusion, nor to the five cases of chronic phlebitis. 


SUMMARY 


The experimental background for the clinical use of estrogenic substances 
in the treatment of peripheral vascular disease is presented. 

A series of 345 patients, so treated over the past ten years is presented, 
and the results analyzed. 

In all these patients vasomotor disturbances played either a primary or 
at least a major secondary role. 

The results of these clinical studies indicate, we believe, that in estrogenic 
substances, we have a powerful therapeutic agent for the treatment of periph- 
eral vascular disturbances in which there is a significant component of vaso- 
motor imbalance. 
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Discussion.—Dr. Louis G. HERRMANN, Cincinnati, Ohio: In the management of 
circulatory disturbances in the extremities we must not lose sight of the fact that 
many of the serious complications are the direct result of the severe secondary vasospasm 
We believe that excessive smoking, especially in young women, is largely responsible 
for the increase in the incidence of serious vasomotor instability in the extremities. 
The circulatory disturbances which are associated with severe peripheral vasospasm 
present important therapeutic problems and whenever we disregard the early signs and 
symptoms of this syndrome we simply encourage the development of the more serious 
sequelae, such as trophic and ischemic changes in the digits. 
We are convinced that these patients must abstain from the use of tobacco in all 


forms if permanent benefits are to be expected. 
Vasodilating drugs, with the exception of alcohol, are of little therapeutic value 
and sympathectomy should be reserved for the severe varieties of the Raynaud syndrome 


which do not respond to conservative treatment. 

The prolonged vasodilatation which results from intramuscular injection of synthetic 
estradiols, through their liberation of an acetycholine-like substance in the tissues, has 
provided us with an effective means of controlling peripheral vasospasm. 

The method of treatment which Doctor McGrath has described does not displace 
any of the accepted methods of treating the primary cause of vasospasm, and we present 
these data simply to support the contention that the synthetic estrogens are valuable 
adjuvants in the management of primary and secondary vasespasm in the extremities of 
both men and women. 





MODIFICATION OF THE KING OPERATION 
FOR BILATERAL VOCAL CORD PARALYSIS* 
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WE WISH TO PRESENT a modification of the King’ operation for bilaterai 
cord paralysis. As is the case in most original contributions, others have 
found difficulty in fulfilling all the principles laid down by the author, even 
after numerous dissections of unembalmed cadavers in the anatomical labora- 
tory. We believe that all credit should go to King for his contribution in this 
field, and in no way wish to detract from his work in this presentation, 
merely to present a modification which we believe simplifies his procedure. 
Eleven cases have been operated upon employing this modification. The 
diagnosis of bilateral cord paralysis has been corroborated by the laryngologist 
in all cases. It is not the purpose of this paper to discuss symptomatology 
or diagnosis of the bilateral paralysis of the vocal cords. All the cases 
reported followed thyroidectomy, and in three cases two thyroidectomies 
had been performed. 

The operation to be described has been carried out under sodium pentothal 
local anesthesia. Tracheotomy has been performed in those cases not already 
canalized at least five to 14 days before the plastic operation. This depends 


upon the patient’s adjustment to the tracheotomy tube and the degree of irri- 
tation it produces. We have utilized a low transverse incision for the insertion 
of the tracheotomy tube because it interferes less with the second stage, or 


plastic procedure, and also for cosmetic reasons. 

The patient is placed with head in hyperextension and in a position that 
the laryngologist can readily visualize the larynx by direct laryngoscopy when 
the cord is abducted. The tracheotomy tube is removed and, after preparation 
of the neck, a sterile tracheotomy tube is placed in the trachea. Continuous 
oxygen is administered through a sterile catheter inserted in the trache- 
otomy tube. 

A transverse incision is made at the level of the middle third of the 
thyroid cartilage and the flaps dissected upward and downward. The fascia 
and preglandular muscles are divided longitudinally to either side of the 
midline depending on which side is to be approached. The dissection is 
carried down to the lateral wing of the thyroid cartilage (Fig. A). A 
portion of the superior pole of the thyroid, with scar tissue, is usually en- 
countered at this step and will require resection with control of the superior 
thyroid vessels. 

The thyroid cartilage is now rotated medially with a hook retractor. 
This exposes, and puts on tension, the inferior constrictor of the pharynx 





* Read by title before the American Surgical Association, May 3-4, 1944, Chicago, III. 
617 











1944 


Annals of Surgery 


October, 


Aol OfU] 


SHIRER 


> 
YN 
[x} 
= 
- 
Z. 
em 
~ 


JO [aA2e] +o 








Volume 120 BILATERAL VOCAL CORD PARALYSIS 


Number 4 





1944 


Annals of Surgery 


October, 


perouies S80] 19> pruoy di Je) = 
fo aoDjuns Surpornaiy eo . n 


p 


SHIRER 


> 
= 
YN 
fe) 
isa) 
= 
Ss 
Z. 
he 
jee, 
~7- 





Volume 130 BILATERAL VOCAL CORD PARALYSIS 


Number 4 


(Fig. B). The crico-arytenoid joint is readily palpated through the inferior 
constrictor muscle. An incision is made through the constrictor muscle at 
the level of the crico-arytenoid joint (Fig. C). 

The joint capsule is now opened, using a No. 15 Bard-Parker knife 
(Fig. D). In the patient with bilateral cord paralysis the space between 
the articulating surfaces of the cricoid and arytenoid cartilages is definitely 
widened. A dural hook is placed in the arytenoid cartilage and the capsule of 
the joint further divided laterally and posteriorly (Fig. E). The mucous 
membrane posterior to the cartilage at the pyriform fossa is displaced by 
blunt dissection, This exposes the muscles on the posterior surface of the 
arytenoid cartilage (Fig. F). The separation of these structures on the 
posterior surface is not complete until the tip of the arytenoid cartilage is seen. 

Two alloyed steel wire (No. 35) sutures are placed through the arytenoid 
cartilage using a No. 4 Lane cleft palate needle (Fig. G). The first suture 
is placed about 3 Mm. above the articulating surface of the arytenoid cartilage 
and the second similar distance above the first (Fig. G). The articulating 
surface of the arytenoid cartilage is then removed by curved scissors (Fig. F), 
using the sutures to control the cartilage. Care must be exercised in the 
insertion of the sutures, as many of these cartilages are quite friable. lf 
the cartilage is friable the sutures may be passed around the cartilage. The 
sutures are then threaded on a heavy sharp-cutting edged needle and passed 
through the lateral wing of the thyroid cartilage at the level of the crico- 
arytenoid joint (Fig. H). 

The thyroid cartilage is returned to its normal position and _ the 
sutures are drawn rather firmly but not tied. The laryngoscopist estimates 
the relative position of the cords by direct laryngoscopy. If the cord is not 
sufficiently abducted, greater tension may be applied to the sutures. When 
satisfied that sufficient abduction of the cord is obtained the sutures are 
tied (Fig. I). Recheck of their position by the laryngologist after tying 
the sutures assures a satisfactory result. The resection of the articulating 
surface of the arytenoid cartilage facilitates placing the cord in abduction. 
The opening in the inferior constrictor muscle of the pharynx is closed with 
mattress sutures of No. 000 chromic catgut. A Penrose drain is placed to 
this level and the wound closed in layers with similar suture material. Clips 
are used to close the skin. 

The postoperative course is usually complicated by difficulty in swallowing 
due to the edema in the region of the pyriform fossa and the cord. This 
usually subsides within four to five days. The tracheotomy tube may be 
plugged, or corked, for progressively longer periods after the edema subsides. 
We have removed the tracheotomy tube as early as the sixth postoperative 
day. The average time has been 10.7 days for the permanent removal in 
all cases. Several patients have been discharged with their tracheotomy tube 
because of their anxiety state when the tube remained corked. All patients 
except one are actively engaged in their daily work without their tracheotomy 


tube. The patient who still has her tube had previously been operated upon 
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elsewhere, and the King procedure performed. She has not had complete 
relief, although after the operation the tracheotomy tube was removed and 
the patient experienced difficulty in breathing only when she was in the 
prone position. 

The voice in all cases but two is good and in both of these is improving, 
one under voice training. The latter two patients were operated upon for 
correction of their bilateral cord paralysis less than a year after thyroidectomy. 
We believe that the compensatory action of the false cords has not had 
sufficient time to develop in these two patients, thus, accounting for their 
poor voices. Furthermore, we believe that the plastic operation should not 
be attempted too early following thyroidectomy. We now follow the rule 
of waiting at least one year. It may be possible to see partial recovery of 
one cord during this period—and the operation not necessary. An adequate 
air-way has been obtained in all but the one case referred to above. These 
patients have been observed from six months to five years after permanent 
removal of the tracheotomy tube. It is of interest that all the patients with 
an adequate air-way following the operation have developed a rather definite 
hypothyroidism. This varies in degree but responds to thyroid therapy. The 
sincere gratitude of these patients, as King has stated, is like none encountered 
in any other group of patients. This is particularly true of the patients who 





have worn a tracheotomy tube for years. 


CONCLUSIONS 

We have presented a modification of the King operation for bilateral 

vocal cord paralysis. We believe the procedure warrants consideration be- 

cause: First, its simplicity ; second, one side provides sufficient and adequate 

air-way for removal of the permanent tracheotomy tube; and third, sufficient 
time has elapsed to evaluate the procedure. 


We wish to thank Dr. T. B. McCullough, of the Department of Otolaryngology, 
for his invaluable help in these operations. 
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CONGENITAL ATRESIA OF THE ESOPHAGUS WITH 
TRACHEOESOPHAGEAL FISTULA* 


RECONSTRUCTION OF ESOPHAGEAL CONTINUITY BY PRIMARY ANASTOMOSIS 


CAMERON Haiaut, M.D. 


Ann Arsor, MIcHu. 


FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF MICHIGAN MEDICAL SCHOOL, ANN ARBOR, MICH. 

IN THE ANOMALY of congenital atresia of the esophagus, a dysplasia that 
is more extensive than an atresia is found at a level corresponding to the 
junction of the upper and middle thirds of the esophagus. The upper portion 
of the esophagus ends as a blind pouch in almost all instances. The upper end 
of the lower esophageal segment usually enters the trachea, thus forming a 
tracheoesophageal fistula; this occurred in 29 of the 32 patients in this series. 
The condition is incompatible with life, as feedings can not enter the stomach. 
Furthermore, the feedings and accumulated secretions in the blind upper 
segment overflow into the trachea, and death soon results from aspiration 
pneumonia. The surgically ideal plan for the correction of the anomaly is 
one that accomplishes ligation of the fistula and reestablishment of esophageal 
continuity by a primary anastomosis of the esophageal segments. This 
article will be concerned primarily with the anatomic problems and surgical 
experiences that have been encountered in 24 patients for whom an exploration 
of the anomaly was undertaken. Reconstruction of the esophagus was ac- 
complished in 16 patients, of whom six are now living from seven months 
to three years and one month after operation. 


THE ANATOMIC PROBLEM 
The suspicion of a congenital obstruction of the esophagus is aroused 
by attacks of choking, dyspnea and cyanosis on attempts to swallow fluids. 
An actual obstruction of the esophagus can be demonstrated by the inability 
tc pass a catheter into the stomach. To be certain that the obstruction is 
complete, iodized oil is given by mouth under fluoroscopic observation. A 
dilated blind upper esophageal segment, terminating usually at the level of 
the second or third dorsal vertebra, is then evident. In all the 32 cases in this 
series, the upper segment ended as a blind pouch. In an additional recent 
case of tracheoesophageal fistula without esophageal artesia, the esophageal 
lumen was patent and of normal caliber, but a fistulous communication was 
present between the trachea and the esophagus. 
In the presence of a verified complete obstruction of the upper esophagus, 
the existence of air in the stomach is indicative of a communication between 
the lower esophageal segment and the trachea or a bronchus. Air was noted 














* Read before the American Surgical Association, May 4, 1944, Chicago, III. 
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in the stomach or intestines in 26 of the 31 cases studied by roentgenologic 
examination, and air was present in the stomach before operation in 20 of 
the 24 patients for whom a thoracic exploration was undertaken. An anasto- 
mosis was performed in 15 of the patients with air in the stomach and could 
have been performed readily in another similar case, thus demonstrating the 
fact that an anastomosis was possible in 80 per cent of the patients in whom 
the diagnosis of a tracheoesophageal fistula could be made by the preoperative 
roentgenologic examination. 

The absence of air in the stomach is suggestive, but not necessarily diag- 
nostic, of an absence of a tracheoesophageal fistula. Of the five patients 
without air in the stomach two patients had a small but patent fistulous 
communication between the lower esophageal segment and the trachea. In 
another patient, the exact condition of the lower segment could not be 
ascertained as surgical exploration was not performed and a postmortem 
examination was not made. The two remaining patients had an actual 
agenesis of the esophagus, in that the lower segment of the esophagus extended 
for only about 1.5 cm. above the level of the diaphragm. Operation was 
performed in four of the five patients without air in the stomach and an 


anastomosis was possible in only one case (25 per cent) 

The absence of a tracheoesophageal fistula can also be determined by 
bronchoscopic examination, as advised by Shaw.** A preoperative diagnostic 
bronchoscopic examination has not been undertaken in this clinic as yet, 
Lecause it has been believed that the final criterion for operability depends 
upon the result of surgical exploration of the anomaly. It has been definitely 


established that a fistula was absent in only two of the cases; both were 
operated upon recently and in both there was agenesis of the lower esophageal 
segment. In view of this correlation, it would appear that the absence of a 
fistula which is suspected by the absence of air in the stomach and which 
could be confirmed by bronchoscopy, is highly suggestive that an anastomosis 
cannot be done. 

The diameter of the upper esophageal segment is usually between 1.2 
and 1.5cm. Although the diameter has been slightly less than 1 cm. in several 
instances, it has always been of ample size to permit an anastomosis. The 
length of the upper segment is of greater significance than its diameter, as 
a short upper segment may interfere considerably with the performance of 
an anastomosis. If the upper segment is short, and if the lower segment 
reaches only to the tracheal bifurcation or to a main bronchus, the difficulties 
are augmented. The gap between the two segments has usually varied 
between 1.5 and 3 cm. before an attempt has been made to approximate them. 
Partial muscular continuity of the two segments without any separation 
between them has been present, however, in five of the 24 patients for whom 
an exploration was performed. In these cases the muscular attachment was 
divided and the fistula was ligated at a high. level before making the 


anastomosis. 
An unusually narrow diameter of the lower segment, a short length of the 
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Fic, 1.—The types of the anomaly that have been encountered at operation in 23 of the 24 cases 
from whom exploratory operation was performed are illustrated. (One patient died during operation 
before the nature of the lower segment was determined.) 
(A) The most frequent type of malformation of the esophagus. 
blind pouch. i 


The upper esophagus ends as a 
cm 


The lower esophagus arises from the trachea at a level that is usually between 0.5 and 1 
above the bifurcation of the trachea. Air is present in the stomach indicating the f 
tracheoesophageal fistula. This type of anomaly was present in 13 of the 24 patients 
primary exploration of the anomaly was performed. Variations in the location of the 
found, and in two cases the lower esophagus arose from the right stem bronchus. 

(B) Partial muscular continuity of the two segments. The anomaly otherwise is the same as in A 
hve cases). 


(C) The lower segment is greatly contracted for a variable distance below its origin trom the 
rachea and air has not entered the stomach, although a tracheoesophageal fistula was present (two 
ases), na third case, the lower segment was contracted, but air was present in the stomach (not 
lustrated). (Figures 1, A, B, and C, Haight and Towsley,’ By permission of Surgery, Gynecology 
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ind Obstetrics.) 


(D) Atresia of the upper esophagus and agenesia of the lower esophagus. The stomach does not 
ntain air (two cases), 
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lower segment (agenesis), and a lo wposition of the tracheoesophageal 
fistula have been the important factors in preventing an anastomosis from 
being made in six of the seven patients for whom an anastomosis could not 
be performed. The diameter of the lower segment is usually between 5-7 Mm. 
In two cases the diameter was so small (3-4 Mm.) that it was technically 
impossible to construct an anastomosis. In the two cases of actual agenesis 
of the lower segment, the lower segment extended for such a short distance 
above the diaphragm that it could not be found within the field of operation 
(Fig. 2). 

The lower margin of the tracheoesophageal fistula is most often situated 
about 0.5 to 1.0 cm. above the tracheal bifurcation. When the lower segment 
is short and the tracheoesophageal fistula is present at the level of the tracheal 
bifurcation, or if the lower segment enters one of the main bronchi, the chance 
of obtaining a satisfactory anastomosis has been less than when the lower 
esophagus enters the trachea at a higher level. In two of the six cases 
for which an anastomosis could not be done, the fistula was located lower 
than usual. In one of these patients the lower segment extended directly 
downward from the tracheal bifurcation, and in the other case it arose 
from the right main bronchus. It was possible, however, to complete an 
anastomosis in another patient in whom the fistula arose from the right stem 
bronchus. In view of this case, it may be seen that the preoperative deter- 
mination of a low position of a fistula, as might be determined by bronchoscopy, 
does not definitely exclude the possibility of an anastomosis. It is believed, 
therefore, that an exploratory operation offers the final criterion regarding 
the possibility of a satisfactory reconstruction of the esophagus in those 
cases in which the presence of a tracheoesophageal fistula is evident from 
the fact that air is seen in the stomach. The seventh patient for whom an 
anastomosis was not done died as a result of injury to the aorta before the 
lower segment could be identified. 


THE SURGICAL PROBLEM 

The surgical problem is essentially a threefold one involving the 
correction of the esophageal obstruction so that aspiration pneumonia will 
not occur, ligation of the tracheoesophageal fistula so that gastric contents 
can not enter the trachea, and the provision of some means for feeding the 
infant. The early attempts to treat this condition surgically have been dis- 
cussed in a previous communication.® Gastrostomy alone failed because of 
regurgitation of the gastrostomy feedings into the trachea. Various methods 
have been employed for interruption of the lower esophageal segment in con- 
junction with, or supplementary to, gastrostomy.’ % 4 1%, 15, 17, 18, 20, 24, 26 
These methods have largely been supplanted by two plans that are now 
fairly well standardized, insofar as surgical principle is concerned. 

One plan, the indirect approach, consists of a three-stage procedure, i.c., 
(1) extrapleural ligation of the tracheoesophageal fistula; (2) exteriorization 
of the upper esophageal segment ; and (3) gastrostomy. This plan, which has 
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been used successfully by Leven,'* 1 1 Ladd,® and Humphreys,’ anticipates 
the construction of an antethoracic esophagus at a later date so that feedings 
can eventually be taken by mouth. A modification of this plan has been sug- 
gested by Carter’ and has been employed successfully by Nettrour.'** The 
indirect plan was proposed’” because it was believed that the operative mortality 
could be kept low by staging the operations arid by avoiding the extensive 
extrapleural procedure that would be required by a primary reconstruction of 
the esophagus. Although it is logical to believe that this advantage should 
hold true, the three patients for whom the indirect method was begun in this 
clinic, died before the upper segment was exteriorized. The method was used 
by election in one of the early cases (Case 7) and by necessity in two 
subsequent cases (Cases 25 and 32). Had the upper segment been exteriorized 
without delay, the chance of success would probably have been greater. The 
indirect plan is, however, essential for the maintenance of life if the anatomic 
conditions are such that a primary reconstruction of the esophagus can not 
be done. 

The other plan, a direct approach to the problem, consists of a reconstruc- 
tion of esophageal continuity by a single stage extrapleural ligation of the 
tracheoesophageal fistula and a primary anastomosis of the esophageal seg- 
ments. The direct plan of primary anastomosis was suggested in principle 
by Kieth® in 1910. The first reported operation of this type was described by 
Shaw in 1939, 7): *? 
employed by Samson.’ Lanman" had previously employed this procedure 


who also mentions a case in which the same technic was 


in four cases in 1936 and 1937. The first succegsful application of this plan 
was reported by Haight and Towsley® in 1943@aid the patient is now living 
three years and one month after operation. The operation of primary 
anastomosis has subsequently been used successfully in five additional patients 
in this clinic, and all of the living patients are able to swallow through the 
reconstructed esophagus. Shaw,** Ladd,® Humphreys,‘ and Daniel” have 
also mentioned the successful use of this method. 

The reconstruction of esophageal continuity by primary anastomosis repre- 
sents the ideal surgical principle in the correction of the anomaly in that it 
allows the infant to swallow normally. Feedings by mouth can be started 
soon after the operation. If leakage of the anastomosis does not result in 
an external esophageal fistula or a recurrence of a tracheoesophageal fistula, 
further operations are avoided. The operative procedure is one of consider- 
able magnitude for a new-born infant, but the infants have been able to 
withstand the operation considerably better than might be expected. The 


anatomic findings at the time of the operation will not always permit an 


anastomosis. An anastomosis was found to be possible, however, in 17, 
or 70.8 per cent, of the 24 patients for whom an exploration was performed 


* This patient was living and well at the age of two years and ten months. The 
antethoracic esophagoplasty has not as yet been performed. (Personal communication 
from Dr. C. J. Stoecklein, Pittsburgh, Pa., June 11, 1944.) 
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and it was possible in 16, or 80 per cent, of the 20 patients who had air in 
the stomach. 

The technical objection to the plan of primary anastomosis results from 
the fact that tension is invariably present at the site of the anastomosis. Tension 
occurs primarily because of the gap that often has to be overcorme when the 
two segments are approximated. Less important causes of tension are the 
normal contractility of the longitudinal musculature of the esophagus and 
the normal mobility of the two esophageal segments. Observations during the 
preoperative roentgenoscopic examination, as well as during operation in the 
first several patients when local anesthesia alone was employed, have shown 
that the upper segment is displaced upward during swallowing, straining or 


Fic. 3 Fic. 4 

Fic. 3.—The mobility of the upper esophagus that is seen during roentgenoscopic examination 
is indicated by the position of the solid and dotted lines. Solid line indicates position of the uppei 
esophagus during the expiratory phase of respiration and during straining and crying with their 
attending increase in intrathoracic pressure; dotted line indicates position of upper segment during 
inspiratory phase of respiration. Because of the mobility of the upper esophagus, roentgenoscopic 
observation allows a more accurate estimation of the position and length of the upper segment than does 
the roentgenographic examination. 

Fic. 4.—Tension unavoidably occurs at the site of the anastomosis because of (1) the gap that 
usually must be overcome when the two segments are united; (2) the ascent of the upper esophagus 
during swallowing, crying and the expiratory phase of respiration; (3) the descent of the lower 
esophagus during the inspiratory phase of respiration; and (4) the normal contractility of the longi- 
tudinal musculature of the esophagus. 


crying (Fig. 3). The lower segment is normally pulled downward during 
the inspiratory descent of the diaphragm. Even though tension is not 
apparent when the patient is under general anesthesia during the operation, 
it is logical to assume that the mobility of the two segments exerts tension 
upon the anastomosis during the postoperative period (Fig. 4). 

The weak tensile strength of the wall of the underdeveloped lower segment 
is a further technical disadvantage ofthe direct plan. The tensile strength 
of the lower segment is influenced by its diameter and the thickness of its 
wall. Usually the thickness of the wall varies in proportion to the diameter. 
In some instances the wall is so extremely thin and delicate that the anasto- 
mosis is constructed with considerable difficulty. The weak tensile strength 
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of the lower segment makes advisable in all cases the complete relaxation 
that is obtained by general anesthesia, so as to permit the segments to be 
approximated as readily as possible. Otherwise, there is considerable likeli 
hood that the sutures will pull through the wall of the lower segment during 
the construction of the anastomosis. 

The vascular supply of the upper segment has appeared to be adequate in 
all cases. The blood supply of the lower segment is less well developed, 
and there may be a question concerning its adequacy in some cases. For 
this reason the lower segment is freed from the adjacent tissues only for 
the minimal distance necessary for its transection. A No. 8-F. catheter, 
over which the anastomosis is constructed, is removed after completion of 
the anastomosis, as the catheter may distend the lower segment, if particularly 
xarrow, and so produce ischemic necrosis. 


PREOPERATIVE TREATMENT 

The extent of the preoperative treatment depends upon the general condi- 
tion of the patient and the pneumonic complications that may already have 
occurred. The estimation of the pulmonary status is a matter of immediate 
concern and should be carried out as soon as the patient is admitted to 
the hospital. If the infant is cyanotic, mucus should be aspirated from the 
pharynx and oxygen therapy should be started promptly. During the 
initial examination, the lung fields will ordinarily show numerous coarse 
thonchi resulting from bronchial secretions. The rhonchi will usually dis- 
appear after the aspiration of mucus from the pharynx and the hyper- 
ventilation of the lungs that is induced by crying or struggling coincident 
with the aspiration. Aspiration of secretions from the pharynx and upper 
esophagus should be done at frequent intervals in order to prevent the overflow 
of secretion into the trachea and to induce hyperventilation so that accumu- 
lated secretions in the trachea and bronchi will be effectively expelled. 

The pulmonary status is carefully determined by physical and roentgeno- 
logic examinations. If a radiopaque solution has not previously been given 
to establish without doubt the presence of complete esophageal obstruction, 
it should be used in conjunction with the roentgenologic examination of the 
chest. The infant is given about 1-2 cc. of iodized oil to swallow. A larger 
quantity of iodized oil should be avoided, as it is likely to be aspirated into 
the trachea. The position and length of the upper segment are particularly 
observed during roentgenoscopic examination. The mobility of the upper 
segment during respiration is considerable and will usually correspond to the 
distance occupied by the vertical length of two or three dorsal vertebral 
bodies. In subsequent film studies, the upper segment may appear to occupy 
a high position merely because the exposure of the film happens to have 
been made’in the expiratory phase of respiration. An apparently high upper 
segment, therefore, does not preclude the possibility of a satisfactory anasto- 
mosis. At the conclusion of the roentgenologic examination, the iodized oil 
is aspirated from the upper segment by means of a catheter. 


630 



























gery 
1944 


ion 
be 


in 
ad, 


ve 
ite 
to 
he 
he 


nt 
er 


WwW 


u- 














Volume 120 ATRESIA OF ESOPHAGUS 


Number 4 


The position of the infant is of importance in lessening the possibility 
of pulmonary complications. From the time that a diagnosis has been made, 
the patient is placed in the prone position with the foot of the bed elevated. 
This position favors the drainage of oral secretions to the exterior and 
lessens the tendency of aspiration of pharyngeal secretions. The position 
is changed to the alternate lateral positions at frequent intervals to favor 
drainage from the upper lobes and thereby lessen the tendency for the 
development of an atelectasis of the upper lobes. If pneumonia or atelectasis 
has occurred, the use of the alternate lateral positions is continued, but the 
uninvolved side is kept uppermost for a greater length of time than the 
uninvolved side. While the involved side is uppermost, the pharynx is 
aspirated to stimulate coughing and the expulsion of bronchial secretions. 

Parenteral fluid consisting of a 3 or 5 per cent solution of dextrose in 
distilled water is given preferably by the subcutaneous route. The amount 
of fluid needed to correct dehydration, if present, will necessarily depend 
upon the extent of the dehydration. The amount needed to maintain the 
fluid balance should be considerably less than the calculated daily optimal 
amount for a normal infant of the same weight. Normal saline or Ringer’s 
solution should be avoided because of its sodium chloride content. If 
pneumonic consolidation has already occurred, sulfonamide therapy should 
be started by the subcutaneous route. The need for blood or plasma trans- 
fusions before operation will depend upon the nutritional level of the infant, 
as evidenced by the number of days that have elapsed since birth. A blood 
transfusion is ordinarily not given before operation, and its use is deferred 
until the time of operation. Ascorbic acid and vitamin K are routinely 
employed as preoperative measures. 


INDICATIONS FOR OPERATION 

A decision in favor of operation should be made as soon as the infant’s 
general condition is satisfactory. If the lung fields are clear, the sooner the 
operation is undertaken, the less likely is the chance of a pneumonic complica- 
tion occurring to a degree sufficient to prevent operation. Usually 6 to 12 
hours, and ordinai.iy not more than 24 hours, will be sufficient time to 
obtain the maximal beneficial response from the preoperative treatment. 

The decision regarding the advisability of operation is made on the 
basis of several criteria: If infants are premature by more than two or three 
weeks, it is often questionable whether operation should be performed. 
The size of the infant is another criterion, in that the larger the infant, the 
better is the chance that he will withstand the operation. Operation should 
probably not be undertaken in infants whose birth weight is less than four 
pounds. Those who are weak and listless, and who have a feeble cry or 
none at all, are more likely to develop pneumonic complications than strong 
infants with a good cry. The decision regarding operation in weak infants 
tay need to be deferred until the response to general supportive measures 
is known. Cyanosis which persists after aspiration of mucus from the throat 
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and after the use of oxygen therapy is a poor prognostic sign and is regarded 
at present as a positive contraindication to operation. The body temperature 
is of importance particularly in respect to dehydration or pneumonia. When 
fever is present, it is preferable to defer operation until the temperature can 
be reduced to normal, or nearly normal, by treatment of the causative factor. 

The presence or absence of pneumonia iS one of the most important 
criteria regarding the advisability of operation, inasmuch as pneumonia is 
the chief cause of death in these patients. An extensive bilateral pneumonic 
consolidation is a definite contraindication to immediate operation. A smaller 
degree of involvement, particularly if limited to one upper lobe, does not 
necessarily preclude operation, provided that operation is performed on the 
side of the pneumonic process. If a barium solution has inadvertently been 
used for roentgenologic diagnosis and if the barium entered the lungs and 
produced a pneumonic consolidation, the consolidation is likely to persist. 
An early stage of pulmonary atelectasis usually responds to corrective 
measures and does not contraindicate operation, particularly if the operation 
is performed on the side of the atelectasis. The difficulty is often one of 
determining whether atelectasis or pneumonia is the predominant pulmonary 
lesion. Although physical and roentgenologic findings are helpful, the 
differential diagnosis may depend upon the rapidity of clearing of the lesions 
or the failure of the abnormal signs to clear by the use of posture, carbon 
dioxide and oxygen inhalations, and enforced crying or coughing. Other 
congenital anomalies usually do not contraindicate operation, as the anomalies 
that are most likely to be encountered are ones that are compatible with life. 


THE OPERATIVE APPROACH 


Ligation of the tracheoesophageal fistula and anastomosis of the 
esophageal segments can be performed through either a right or left extra- 
pleural approach. In the 24 patients in this series for whom an exploration 
has been carried out, the left extrapleural approach was used in 12 and the 
right extrapleural approach in 11. In one patient operated upon early in the 
series, a right intrapleural approach was used before it was realized that 













the respiratory embarrassment would be considerably greater with an intra- 
pleural than with an extrapleural approach. In the first cases in this series, 
the left extrapleural approach was found to be satisfactory but in the more 
recent cases in this series, the right extrapleural approach has been used 
in preference to the left, because of the greater ease in obtaining the exposure 
of the lower esophageal segment. 

The upper segment is readily exposed from either the right or left 
side. The presence of the aorta on the left prevents the exposure of the lower 
segment until the aorta has been mobilized by ligation and division of the 
upper two or three intercostal arteries arising from it. Forward, downward 
and mesial retraction of the aorta is then required to maintain exposure of 
the lower segment. The pressure upon the aorta during its retraction 
necessarily reduces its lumen and even though the retraction is intermittent, 
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it is believed that the retraction contributes to operative shock. With the 
right extrapleural approach, the azygos vein is divided and thereafter the 
exposure of the lower segment is not only better than with the left approach, 
but it is more easily maintained. 

As the pulmonary complication plays such an important role in the eventual 
outcome of the case, the side selected for the operation is now chosen according 
to the preoperative condition of the lungs (Fig. 5). If both lungs are clear, 
the preferred right approach is elected. If a pneumonic involvement is present 


A 


Fic. 5.—V. L., Case 22.—(A) Roentgenogram on admission shows small degree of involvement 
of right upper lobe and extensive involvement of left upper lobe. When the patient was turned to the 
right lateral position during the subsequent physical examination, reaeration of the left upper lobe 
occurred, demonstrating that the involvement of the left upper lobe was on the basis of atelectasis and 
not a pneumonia. Roentgenogram (B) was made immediately after the physical examination and three 
hours after roentgenogram (A). The left upper lobe is now clear. The infiltration in the right upper 
lobe which has persisted in spite of the use of the left lateral position during the physical examination 
is probably pneumonic in nature. Operation was undertaken one hour after roentgenogram (B). The 
right extrapleural approach was used because of the pulmonary involvement on the right. An anastomosis 
was completed and the patient is now living 13 months after operation. 


i one lung only, the operation is done from the corresponding side. In this 
way the function of the good contralateral lung will not be impaired by the 
costal resections and the temporary postoperative extrapleural collapse of the 
upper portion of the lung. The extrapleural collapse of the upper lobe appears 
at times to have a beneficial rather than a detrimental effect upon a mild 
pneumonic process within the collapsed upper lobe. Also, if the pulmonary 
involvement is due to atelectasis, improvement of the atelectasis may be 
expected as the result of the uppermost position of the involved lung during 
the operation. As an upper lobe atelectasis may occur before operation in 


spite of precautionary measures, the location of the atelectasis can be governed 
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by the posture of the infant before operation. If during the intervals when 
the patient is in the lateral position, the left lung is kept uppermost for 
a longer period than the right lung, the left lung can usually be kept clear. 
Should an atelectasis develop, it would be likely to occur on the right side 
and thereby the preferable right-sided approach could be employed. 
OPERATIVE TECHNIC 
RIGHT EXTRAPLEURAL APPROACH 

The neck is shaved posteriorly up to the external occipital protuberance. 

The preoperative medication of codeine and atropine is adjusted to the 


/Parietol Pleura 
Trachea , 
Arygos Vein 


_c Location of 
-* Tracheoe sophageal 
‘fistula 


Fic. 6.—The right extrapleural exposure of the anomaly is illustrated. The posterior portions of the 
third, fourth and fifth ribs have been resected and the parietal pleura has been freed from the thoracic 
wall. The azygos vein has been divided in order to expose the lower esophagus. The dilated blind 
upper segment has been partiaily freed from the posterior wall of the trachea. The relative size o 
the upper and lower esophagus, and the usual position of the tracheoesophageal fistula are shown. The 
right vagus nerve serves as a useful guide for locating the lower segment. 
weight of the infant. As a satisfactory means for blood replacement is 
essential, a cannula is inserted in an ankle vein on the side opposite to the 
side of the operation. The size of the cannula (Nos. 22 F. or 24 F.) depends 
upon the size of the vein. Between 100 and 150 cc. of whole blood, diluted 
with an equal amount of physiologic saline or Ringer’s solution, is given 
during the operation and the first several hours after operation. Although 
the saline or Ringer’s solution is undesirable because of its sodium chloride 
content, a diluent has been employed so that the blood will flow through 
the small cannula. 

The patient is secured to a frame and external heat is applied. After 
preparation of the skin, the location of the incision is indicated by a cutaneous 
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scratch before the application of the sterile drapes. Without this precaution, 
the laxity of the skin may be responsible for an incorrect position of the 
incision. Local anesthesia consisting of one-half of one per cent procaine 
solution or one-quarter of one per cent metcycaine hydrochloride solution 
is used until the costal resections are begun. Light ether anesthesia by 
the drop method is used during the remainder of the operation. An infant- 
sized face mask for administration of positive pressure oxygen should 
be available for use in the event that the parietal pleura is inadvertently opened. 
The incision parallels the lateral border of the sacrospinalis muscle and extends 
from the second to the sixth ribs, inclusive. Careful hemostasis is essential. 
The trapezius and rhomboideus major muscles are incised, and the sacro- 
spinalis muscle is retracted mesially. The third, fourth and fifth ribs are 
resected subperiosteally from the plane of the transverse processes to a 
point above 1.0-1.5 cm. lateral to the angles of the ribs. The third and fourth 
intercostal nerves and muscles are divided close to the transverse processes, 
and the corresponding intercostal vessels are doubly ligated and divided. The 
periosteum of the resected ribs is incised vertically and the extrapleural 
separation of the parietal pleura is begun. A small periosteal, or dural, elevator 
allows the extrapleural separation to be done under direct vision. The fibers 
of the endothoracic fascia hold the pleura tightly to the intercostal muscles 
between the heads of the ribs. These fibers must be carefully divided under 
direct vision to prevent the extremely thin parietal pleura from being torn 
at this stage of the operation. During the further separation of the parietal 
pleura from the costovertebral gutter, a small gauze pledget, secured in the 
jaws of a hemostat, is used as a dissector. A spatula retractor is used to 
hold the parietal pleura out of the costovertebral gutter and to maintain 
exposure. The arch of the azygos vein is exposed. The parietal pleura im- 
mediately beneath it is especially thin and is in particular danger of being 
punctured or torn. The azygos vein is ligated centrally with two doubled 
silk ligatures. The main trunk of the azygos vein below the entrance of 
the highest intercostal vein is singly ligated, the highest intercostal vein is 
similarly ligated and the azygos vein is divided central to the entrance of 
the highest intercostal vein. In the earlier cases in this series, an illuminated 
retractor was employed, but it is cumbersome in the small operative field. The 
innominate artery may be exposed at times, but if the operative field is 
limited to the posterior mediastinum, it is usually not visualized. 

The areolar tissue posterior to the trachea is infiltrated with a local 
anesthetic solution to prevent untoward vagal reflexes and the vagus nerve, 
if seen, is also blocked. The upper esophageal segment is searched for in 
the loose areolar tissue posterior to the trachea. If the upper segment has a 
low position, it is usually found without difficulty. If it is not promptly 
seen, a catheter is introduced into the mouth by the anesthetist and advanced 
into the upper segment. Gentle pressure upon the catheter pushes the upper 
segment downward where the tip of the catheter may be felt within the upper 
The areolar. tissue is then freed from the upper segment and a 
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tension suture is inserted in the blind end. If the upper segment is unusually 
short, it may be necessary to resect the posterior portion of the second rib and 
to divide the second intercostal structures in order to obtain adequate exposure 
of the upper segment. 

The lower esophageal segment is usually found without difficulty when 
it arises at a point between 1. and 1.5 cm. above the tracheal bifurcation. 
If the lower segment is not readily identified, the prominent right vagus 
nerve can often be seen on the right lateral wall of the trachea or in the 
space posterior to the trachea. The vagus nerve is traced down to the 
lower segment, which is then readily found unless it should arise in the 
crotch between the two main bronchi. Occasionally, a strand of fibrous 
tissue or muscle extends between the two segments and can be traced 
downward to the lower segment. Considerable difficulty has been experienced 
in locating the lower segment when it enters the tracheobronchial tree at an 
extremely low level; that is, when the lower segment passes directly down- 
ward from the carina or one of the stem bronchi. In three of the 24 cases, 
the posterior aspect of both main bronchi was exposed before the lower 
segment could be definitely lying in the angle between them. In the two 
cases with agenesis of the lower esophagus, both main bronchi were exposed 
posteriorly before the absence of a tracheoesophageal fistula could be definitely 
determined. 

A right-angled hemostat is passed around the lower segment just below 
its entrance into the trachea or bronchus. A narrow tape or thread is then 
placed around the lower segment to provide tension and to aid in the freeing 
of the lower segment up to the fistulous communication. After the lower 
segment has been freed from the trachea, the decision is made regarding 
the advisability of attempting an anastomosis. The upper segment is pulled 
downward with the tension suture and the proximity of the two segments is 
noted. With the upper segment pulled down, a gap of 0.5 to I cm. can 
usually be overcome by the upward mobility of the lower segment after 
it has been divided. The external diameter of the lower segment should 
also be estimated. If the lower segment is narrow and its diameter is only 
three or even four millimeters, the possibility of securing a satisfactory anas- 
tomosis is extremely small. If the gap is too great or the lower segment too 
narrow, the preferable plan, in so far as recovery of the infant is concerned, 
is to abandon a direct anastomosis and to treat the condition by the indirect 
method. The lower segment would then be ligated, but not divided so that 
the factor of possible contamination of the wound would be avoided. 

If it seems likely that an anastomosis can be made, the lower segment 
is ligated with a single or double silk ligature as close as possible to the 
trachea. A tension suture is placed in the wall of the lower segment distal to 


the ligature, the lower segment is divided and the mucosa of the two ends is 


cleansed with a mild antiseptic solution. As a tendency exists for the ligature 
to roll off the ligated proximal stump, several suture ligatures are used to 
cover the stump. The lower segment arises from the trachea at a sharp 
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angle and, as a ligature of the lower segment necessarily lies at a right 
angle to the direction of the Jumen, a several millimeter length of the posterior 
wall of the lower segment is sacrificed when a ligature is used. If it seems 
that this additional length posteriorly will be of advantage in the construction 
of the anastomosis, it'can be saved by placing a narrow hemostat across the 
distal segment almost flush with the trachea and parallel to the direction 
of the trachea. The lower segment is then divided and the clamp is oversewn 
with several figure-of-eight plastic silk sutures (Fig. 7). Additional inter- 
rupted sutures may be used if needed. This method of dividing the lower 
segment has been used only in the two most recent cases in this series. 
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Fic. 7.—(A) The lower esophageal segment arises from the trachea at a sharp angle. A ligature 
will, of necessity, lie at a right angle to the long axis of the esophagus. Closure of the fistula by a 
ligature sacrifices the upper portion of the posterior wall indicated by the bracket (a). 

3, C and D illustrate the method of closure of the tracheoesophageal fistula that has been used 
in the two most recent cases. 

(B) The upper portion of the posterior wall of the lower segment is preserved by the placement of 
a mosquito hemostat across the lower segment at its entrance into the trachea. 

(C) The lower segment has been divided by an oblique incision. A greater length of the 
esophageal wall is preserved posteriorly by this method, and a larger circumference is available for 
the anastomosis. 

(D) The hemostat is oversewn with figure-of-eight sutures and is removed. Additional inter 
rupted sutures are used to strengthen the closure. By this method the tracheoesophageal fistula is closed 
by suture, rather than by ligature. The relative efficacy of the two methods in the prevention of re- 
opening of the fistula has not been established as yet. 


The blind end of the upper segment is opened for a distance that cor- 
responds to the diameter of the lower segment. The musculature of the 
anterior wall of the upper segment is less well developed than it is laterally 
or posteriorly. As the anterior wall of the upper segment has on occasions 
split upward during the construction of the anastomosis, the incision in the 
upper segment carefully avoids the anterior wall. The interior of the upper 
segment is cleansed with an antiseptic solution. A No. 8 F. catheter with its 
flared outer end completely removed is introduced into the two segments by 
way of the wound. One end of the catheter is advanced into the lower segment 
until it enters the stomach. The other end is advanced through the upper 
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segment until it enters the pharynx where the anesthetist grasps it with a 
hemostat and withdraws the end of the catheter from the mouth. The catheter 
stabilizes the esophagus during the construction of the anastomosis, and the 
open ends of the two segments are kept from collapsing, thereby allowing 
the sutures to be placed more readily than when a catheter is not used. 
Considerable difficulty is often encountered in the construction of the 
anastomosis because of the tension that is present and the thinness of the 
wall of the lower segment. Delicate, atraumatic round-point needles* and the 
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Fic. 8.—The upper drawing shows the blind upper esophageal segment and the lower esophagus 
arising from the trachea. The relative size of the two segments and the relative thickness of their 
walls are illustrated. 

The lower drawing shows the completed “telescopic”? anastomosis. This type of anastomosis is 
used because of the discrepancy in the size of the two segments and the discrepancy in the thickness 
of their walls. The relatively thick wall of the dilated upper segment and the extremely thin wall 
of the smaller lower segment are illustrated. The thickness of the entire wall of the lower segment 
is usually no greater than the thickness of the mucosa of the upper segment. The inner row of sutures 
approximates the full thickness of the wall of the lower segment to the mucosa and submucosa of the 
upper segment. The outer layer of sutures draws the muscularis of the upper segment downward and 
anchors it to the outer wall of the lower segment at a level several millimeters below the inner 
layer of sutures. Interrupted sutures of plastic silk are used in the construction of the anastomosis. 


smallest available silk sutures (Deknatel A) are employed, so that a minimal 
amount of trauma is produced. A “telescopic” type of anastomosis (Fig. 8) 
has been employed for the patients operated upon during the last year and a 
half. The discrepancy between the thickness of the walls of the two segments 
readily permits this type of an anastomosis. The thickness of the under- 
developed wall of the lower segment is usually no greater than the thickness of 
the mucosa of the upper segment. An inner row of about eight interrupted 
sutures approximates the mucosa and a small amount of submucosa of the 
upper segment to the full thickness of the wall of the lower segment. As there 
is considerable mobility of the muscular layer of the upper segment on the 
submucosa, the muscularis of the upper segment can be pulled downward and 
sutured to the outer surface of the lower segmént, 2 or 3 Mm. below the 
level of the first row of sutures. This second or outer layer of the anastomosis 





* Anchor brand No. 1833-4, % circle, taper point. 
638 





Volume 120 ATRESIA OF ESOPHAGUS 


Number 4 


consists of approximately the same number of interrupted sutures that are 
used for the inner layer. The catheter is withdrawn after the anastomosis is 
completed. . 

A pneumothorax resulting from the accidental opening of the pleura 
during the operation is not well tolerated because of the normally low respira- 
tory reserve of infants. If a pneumothorax should occur, the lung should be 
promptly reexpanded with positive pressure oxygen administered by a 
face mask, and the opening through the pleura should be closed if possible. 
The thin parietal pleura, however, does not lend itself well to suturing, as 
the puncture wounds caused by the smallest available needle may allow 
leakage of air or cause a further tear of the pleura. After the parietal 
pleura has been freed from the thoracic wall, the redundancy of the pleura 
often allows the torn edges to be grasped and pulled outward. If the tear 
is not too large, an encircling ligature can be placed beyond the tear, and 
an air-tight closure is thereby obtained. This maneuver usually can not be 
employed if the tear is in the region of the arch of the azygos vein. When 
the tear can not be closed, a small gauze pack is placed against the pleural 
opening after the lung has been expanded by positive pressure oxygen. Air 
can be prevented from entering the pleural space by maintaining firm pressure 
against the pack with the spatula retractor. At the time of closure of the 
thoracic wall incision, the inner portion of a small gauze drain is placed 
against the opening in the pleura. Expansion of the lung is maintained by 
the positive pressure until the wound is closed air-tightly around the drain. 


The pressure exerted by the gauze keeps the parietal pleura in contact with 
the lung, and the irritation produced by the gauze causes a rapid adherence 
of the lung to the parietal pleura at the site of the tear. This method of sealing 
the opening in the parietal pleura has been successful in the prevention of 


an empyema, even though the extrapleural wound in some of the cases has 
become grossly infected as a result of leakage of the anastomosis. 

The wound is irrigated with physiologic saline solution before the closure 
is begun. In the event that the pleura has not been opened, a soft rubber tissue 
drain is placed near the site of the anastomosis as a safeguard in the event that 
leakage of the anastomosis should occur. The long free anterior ends of 
the divided intercostal muscles are sutured to the under surface of the sacro- 
spinalis muscle, and the extracostal wound is closed in layers with inter- 
rupted sutures. Fine catgut is used for the buried sutures because of pos- 
sible suppuration of the wound resulting from leakage of the anastomosis. 
The skin edges are approximated with interrupted sutures of plastic silk. 

The operative technic for the left extrapleural approach® varies only 
in the exposure of the anomaly. After the parietal pleura has been separated 
from the thoracic wall, the highest: intercostal vein is doubly ligated and 
divided. The left subclavian artery is identified and retracted forward, so as 
to expose the retrotracheal space. The upper segment of the esophagus is 
located by the same measures described for the right extrapleural approach. 
In order to expose the lower esophageal segment, the uppermost two or 
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three intercostal arteries are doubly ligated and divided close to the aorta. 
The aorta is then retracted forward, downward and mesially. The left 
vagus nerve is not seen, but the left recurrent laryngeal nerve may be en- 
countered and injury to it should be avoided. 


POSTOPERATIVE MANAGEMENT 


If physical or roentgenographic signs of a moderate or considerable 
pneumothorax are present, the air is aspirated from the pleural space. The 
infant is placed upon the operated side to reduce the paradoxical motion of 
the thoracic wall resulting from the costal resections. The foot of the 
bed is elevated co favor the drainage of secretions from the respiratory tract 
to the exterior. External heat is applied and oxygen is administered con- 
tinuously with a face mask while the patient is being returned to the nursery. 
Prior to the use of oxygen during this interval, intense cyanosis often was 
present upon the patient’s return to the nursery. Oxygen is subsequently 
administered by means of a tent. The rectal temperature is recorded and, 
as the temperature is frequently subnormal, external heat is continued. The 
temperature of the air within the tent is maintained at a considerably higher 
level than is customary with oxygen tents. If the infant is premature, or if 
difficulty should be experienced in maintaining the body temperature at a 
normal level, the patient is placed in an incubator. The intravenous infusion 
is slowly continued until the required amount of 100 to 150 cc. of blood 
has been given. 

The condition of a few of the infants during the first several hours 
after operation has been precarious. Sudden attacks of cyanosis with 
complete cessation of respiration have occurred as a result of obstruction of 
the airway by secretions. Immediate aspiration of the pharynx is required 
and, artificial respirations, carbon dioxide and oxygen inhalations, and 
subcutaneous injection of caffeine sodium benzoate are used to restore 
respiration. The recovery of the infant from these episodes is almost as 
sudden and dramatic as is the speed with which they arise. Should the 
onset of these episodes not be recognized promptly, death may occur suddenly 
before corrective measures can be instituted. To prevent these attacks 


insofar as possible, the character of the respirations is carefully determined 


at frequent intervals, and pharyngeal suction is used at the first appearance 
of a wet-type of breathing. 

Subcutaneous fluid, consisting of a 3 or 5 per cent solution of dextrose 
in distilled water, is given during the first 12 or 18 hours after operation 
only if an insufficient amount of fluid has been administered in conjunction 
with the blood transfusion. The subcutaneous daily amount of subcutaneous 
fluid is restricted, because of the danger of producing pulmonary edema 
by the administration of too large a quantity. The amount of fluid ordinarily 
given is about one and one-half ounces per pound of body weight, instead 
of the customary two and one-half ounces per pound. The subcutaneous 
fluids consist of a 3 or 5 per cent solution of dextrose, supplemented with the 
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Fic. 9.—S. S., Case 19.—(A) Portable roentgenogram after ingestion of iodized oil five days 
after left extrapleural ligation of tracheoesophageal fistula and primary anastomosis of esophageal 
segments. Leakage of the anastomosis did not occur. The upper esophagus is dilated and the lumen 
at the site of the anastomosis is narrow. All feedings were continued by mouth. Gastrostomy and 
esophageal dilatation were not necessary, 

(B) Roentgenogram 9.5 months after operation. Spontaneous enlargement of the esophageal 
lumen has occurred at the site of the anastomosis. The upper esophagus is not dilated. In subsequent 
roentgenologic studies (not illustrated) iodized oil passed through the esophagus so rapidly that satis- 
factory roentgenograms were not obtained. A slight narrowing was evident at the site of the 
anastomosis, 

(C) Photographs of patient one year after operation show the scar of the healed left extrapleural 
operation, A gastrostomy has not been necessary. 
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desired amount of a 0.5 per cent solution of sulfadiazine. Physiologic saline 
solution is not used, except for the minimal amount required in conjunction 
with blood transfusions. The onset of edema of the extremities is an indica- 
tion for a transfusion of whole blood. Blood is used in preference to plasma, 
as the possibility of producing pulmonary edema appears to be greater when 
plasma is employed. One of the early cases in this series died from pulmonary 
edema resulting from the administration of an excessive amount of physiologic 
saline solution, and a more recent patient died from pulmonary edema follow- 
ing a plasma transfusion. 

A portable roentgenogram of the chest is made daily during the first 
several days after operation. The infant is placed in a sitting position during 
the exposure of the film. If residual air is present within the pleural space, 
the indication for withdrawal of the air will depend upon the amount that is 
present. A moderate amount should be removed ; a small amount should prob- 
ably be allowed to remain because of the danger of injury of the lung with the 
aspirating needle 

The rubber or gauze drain is shortened on the first or second postoperative 
day and it is removed completely on about the fourth day. After removal 
of the drain, the drainage track is packed daily with a narrow gauze strip 
to allow the wound to heal satisfactorily by second intention. <A _ portable 
roentgenogram is made on the second day after the administration of one 
or two cubic céntimeters of iodized oil by mouth. If leakage of the 
anastomosis is not evident, fluids in very small amounts are started by 
mouth. Ordinarily only one or two cubic centimeters of a 5 per cent dextrose 
solution are given at hourly or two hourly intervals. If the infant tolerates 
this amount of fluid without difficulty, the amount is gradually increased on 
the following day. On the fourth postoperative day, iodized oil is again 
given by mouth and, if leakage is not apparent in the roentgenograms, a small 
amount of a formula, diluted with an equal amount of 5 per cent dextrose, 
is begun. If the formula does not produce choking and if leakage does not 
subsequently occur, the amount of the formula is gradually increased until 
the eighth or tenth day when one, or one and one-half ounces will usually 
be taken at three-hourly intervals. During this period supplementary 3 
or 5 per cent dextrose solution is given daily by subcutaneous infusion 
and at times by rectal instillation. Supportive blood transfusions are given 
every second or third day. In this way the infants can be tided over the 
critical period of an insufficient fluid and caloric intake by mouth. Four of 
the six living patients in this series did not develop an external esophageal 
fistula; in three of the patients the above plan was used satisfactorily and 
a gastrostomy was not needed. In the fourth patient a gastrostomy was 
required because of a recurrence of a tracheoesophageal fistula. 

As soon as the infant’s condition permits, a roentgenoscopic examination 
of the reconstructed esophagus is done. lIodized oil is again used and its 
progress through the esophagus is observed. During the first few weeks 
after operation, a delay in the passage of oil is present at the site of the 
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anastomosis, even though a definite stricture may not be present. The 
narrowness of the lumen at the level of the anastomosis and of the esophagus 
below the anastomosis apparently accounts for the delay, inasmuch as spon- 
taneous enlargement of the lumen and a more rapid passage of the opaque 
medium occur during the succeeding weeks (Fig. 9). Later, the passage of 
the iodized oil has been so rapid in several cases that it has been necessary 
to use a thick barium paste in order to obtain satisfactory roentgenograms. 
The roentgenoscopic examination is repeated at intervals, however, in order 
to ascertain whether a stricture is developing. 

When an external esophageal fistula develops as a result of leakage of the 
anastomosis, a gastrostomy is required for feeding. A gastrostomy, however, 
subjects the patient to increased risks and it has been an important cause 
of death in those patients who have required it. One infant died ten hours 
alter the gastrostomy, and no cause of death could be determined other than 
the fact that the infant had been subjected to an additional operation and 
had not had a transfusion in conjunction with the gastrostomy. Three infants 
died of hemorrhage from the region of the gastrostomy. The hemorrhage 
in one case occurred from ulceration of the umbilical vein and in another 
instance it resulted from ulceration of the gastric wall in the region of the 
gastrostomy tube. The third patient died four months after the gastrostomy 
operation from malnutrition resulting from leakage around the tube and 
from a terminal hemorrhage from the stomach. Leakage of the oral feedings 
around the gastrostomy tube and prolapse of the gastric wall adjacent to 
the gastrostomy are present in one of the living patients. In this case a 
plastic closure of the gastrostomy will be needed, but this operation has not 
yet been undertaken because a continuous thread is being kept in place for 
retrograde dilatation of an esophageal stricture. In the past a Stamm-type 
of gastrostomy has been used and the catheter has been brought out through 
the incision. In the last patient in this series, operated upon by Dr. John 
\lexander, the catheter was brought out through a stab incision. This plan 
appears preferable because of the thin abdominal wall in infants and the 
tendency for local disruption of the wound around the catheter when the 
latter is brought through the main incision. A Witzel-type of gastrostomy is 
recommended by Ladd and Gross as a satisfactory type of gastrostomy for 
infants. 

Spontaneous healing of an external esophageal fistula occurred in the three 
patients who survived this complication, but the development of a partial 
stricture accompanied the process of healing (Cases 10, 22 and 23). In Case 
23 a complete stricture occurred after the primary operation, and a partial 
stricture occurred after correction of the stricture at a secondary operation. 
\s the extent of the stricture can not be determined in advance, the infants 
who develop an external esophageal fistula should be given a fine silk thread 
to swallow as soon as the thread can be recovered safely from the stomach 


by way of the gastrostomy opening. The thread is kept in place for sub- 
sequent retrograde dilatations in the event that they are necessary. 
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_ A leakage of the anastomosis with a resultant external esophageal fistula 
is a serious complication with regard to the feeding of the infant. The 
feedings are given through the gastrostomy tube, but the normal tendency 
of an infant to regurgitate gastric feedings into the esophagus results in the 


loss of more or less of the feedings through the external fistula. The gastros 
tomy feedings will, in such patients, need to be given in smaller amounts and 
at more frequent intervals than would otherwise be the case, in order to 
reduce the tendency to regurgitation. In three patients this plan was suc 
cessful in the prevention of any significant loss of the feedings. In three 
other patients this plan was not successful and the resulting malnutrition was 
the chief cause of death. In one of these cases unsuccessful attempts were 
made to insert a catheter through the track of the gastostomy opening and into 
the duodenum for the purpose of instituting duodenal feedings. On repeated 
attempts, the catheter could be guided into the pylorus but it could not be 
made to enter the duodenum. This maneuver was possible, however, in 
another patient who developed malnutrition from leakage around the gas- 
trostomy tube, but the patient died before the malnutrition could be cor- 
rected. The use of a jejunostomy rather than a gastrostomy has been con- 
sidered, but has not been employed in the cases in this series. A jejunostomy 
would not permit retrograde dilatations although it could be used to provide 
adequate nourishment until the external esophageal fistula had had an 
opportunity to close. 
RESULTS 

A reconstruction of esophageal continuity for congenital atresia is an 
extensive operation for a new-born infant, even when the circumstances per- 
taining to the operation are entirely favorable. The ability of the infant 
to withstand an exploratory operation will be influenced largely by its size 
and general condition on admission. The possibility of restoring esophageal 
continuity will depend upon the nature of the anatomic findings. As these 
factors are uncontrollable, they will prevent the operation from being attempted 
in some cases and in other cases, they will prevent an anastomosis from being 
completed. In this series of cases, the poor general condition of the patient 
prevented operation from being undertaken in four, or 14.3 per cent, of the 
28 patients who have been seen during the period that the operation of primary 
anastomosis has been employed. An anastomosis was found to be possible 
in 17, or 70.8 per cent, of the 24 patients for whom an exploration of the 
anomaly was performed, and an anastomosis was made in 16, or 66.7 per cent, 
of the 24 patients. a 

The details of operative technic and preoperative and postoperative care 
are factors which are controllable. As an improvement in the management 
of these cases can be expected, the results in subsequent cases should be 
superior to those obtained to date during the initial experiences ppt 
operation. In this series of cases, an increase in the os om * om 
patients for whom an anastomosis was possible occurred with increasing 
experiences (Table I). 
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The improved results in the past year have been due to several factors. 
The use of larger blood transfusions in the replacement of operative blood 
loss and the use of only the minimal amount of physiologic saline solution 
that has been necessary in conjunction with the blood transfusions have 
resulted in a striking decrease in the incidence of postoperative edema, 
whereas in the earlier cases, edema occurred in all patients who survived 
the operation for a period of over two days. ‘The difficulty of securing an 
anastomosis without subsequent leakage has been partially overcome by the 


TABLE I 
CONGENITAL ATRESIA OF THE ESOPHAGUS 
RESULTS IN 28 PATIENTS DURING PERIOD OF USE OF THE OPERATION OF PRIMARY ANASTOMOSIS 
1939 1940 1941 1942 1943 Total 
Number of patients Sore nag 2 2 4 6 14 
No operation—poor general condition... _ - 1 
Anastomosis not possible 
Anastomosis. . 


Living 


1 
2 
3 
1 


Per cent of operative recoveries 
following anastomosis....... ; % y 33% 33% 50% 


*One patient (1940) presented ideal anatomic indications for anastomosis, but anastomosis was not 
attempted. 

Four patients admitted 1935-1938 (before use of anastomosis): 

Three treated by gastrostomy—Died 

One—no operation —Died 
use of the telescopic type of anastomosis. The complications arising from 
pleural perforation that can not be closed have been obviated in the recent 
cases by the placing of a small gauze pack against the pleural opening during 
the operation and at the conclusion of the operation. 

An analysis of the causes of death shows that pneumonia occurred in most 
of the fatal cases. Fat stains of the lungs were used in the cases having 
autopsies and in several of them a lipid pneumonia was found. Atelectasis 
of the fetal or acquired type was found in five cases in which pneumonia 
was not present at autopsy examination. Acute pulmonary abscesses were 
noted in one case. The pulmonary complications have often been accompanied 
by other complications that have been more important in the cause of death. 
The other complicating factors have included operative shock and insufficient 
blood replacement, malnutrition resulting from loss of gastrostomy feedings, 
sepsis from infection of the operative wound, pulmonary edema from excessive 
amounts of physiologic saline in one case and from a reaction to a plasma 
transfusion in another case, hemorrhage from the site of the gastrostomy and 
hemorrhage from the distal esophagus. Table II summarizes the findings 
and results in all cases of congenital atresia of the esophagus admitted to 
the University of Michigan Hospital prior to April 1, 1944. 

Six, or 37.5 per cent, of the 16 patients for whom an anastomosis was 
lone are living from seven months to three years and one month after 
peration, The reconstructed esophagus is patent in all instances. The oldest 

itient (Case 10) has been reported in detail in a previous communication.° 
his case is the first successful one of reconstruction of the esophagus by 
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extrapleural ligation of the fistula and primary anastomosis. The patient has 
developed normally and her weight at the age of three years was 29 pounds. 
The diet of this patient is not unusual except for the fact that ground meats 
and sieved vegetables are used instead of coarser foods. In this case a stric- 
ture developed subsequent to leakage of the anastomosis, but serial roent- 
genographic examinations have shown a gradual increase in the size of the 
lumen at the site of the stricture (Figs. 10 and 11). ‘The stricture was dilated 
once by Dr. J. H. Maxwell when the patient was 17 months of age. During 
the first two years after operation, the patient was troubled considerably by 
accumulations of mucus in her throat but this symptom has greatly lessened 


during the last year. 


Fic. 11.—J. M., Case 10.—Roentgenograms three years after operation. Progressive enlargement 
of the lumen of the esophagus has occurred at the site of the anastomosis. (Courtesy of Dr. 
Cooperstock, Northern Michigan Children’s Clinic, Marquette, Michigan.) 


The next oldest patient (Case 18) is 19.5 months of age. In this case a 
soft rubber drain, that was introduced into the extrapleural space at the 
conclusion of the operation, was unintentionally removed on the first post- 
operative day. Theexternal wound healed per primam, but a fistula developed 
between the esophagus and the trachea as a result of a small leak at the 
anastomosis and a reopening of the original tracheoesophageal fistula. The 
lumen of the esophagus remained patent. Gastrostomy feedings were employed 
for a period of 16 months. The fistula gradually became smaller and it closed 
spontaneously 14 months after operation. All feedings have been given by 
mouth for the past two months and the gastrostomy wound is being allowed to 
close. A bilateral pneumonitis that is present apparently began as a result of 


ecretions within the esophagus having gained entrance into the trachea when 
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the recurrent tracheoesophageal fistula was still open. The patient’s weight 
is now 16.5 pounds.* 

The third oldest patient (Case 19) is now living 14.5 months after opera- 
tion. In this case the two esophageal segments were smaller than usual, and 
the lower segment entered the trachea immediately-above the bifurcation. This 
patient’s postoperative convalescence was exceptionally satisfactory. Leakage 
of the anastomosis did not occur, and a gastrostomy was not needed. The 
patient is able to swallow all foods customarily given to a child of this age, 
and the present weight is 19 pounds. 

In the fourth living patient (Case 22) the anastomosis was less satis- 
factory than usual, as the anterior wall of the upper segment split in an upward 
direction during the construction of the anastomosis. A second row of sutures 
could be used around only half of the circumference of the anastomosis. A 
large external esophageal fistula developed three days after operation and a 
gastrostomy was done three days later. The external fistula closed spon- 
taneously six weeks after operation. A very tight stricture developed and 
feedings by gastrostomy were used for nine months. A thread was sub- 
sequently swallowed and is now being used for retrograde dilatations. The 
patient is now 13 months of age. For the past three months, the feedings 
consisting of cereals and liquids have been taken entirely by mouth. The 
gastrostomy openifig is unsatisfactory because of its large size and a prolapse 
of gastric mucosa. The gastrostomy is slowly becoming smaller with the use 
of a constant pressure dressing over the opening. The weight has increaséd 


four pounds during the past month and at present the patient weighs 


14 pounds. 

The fifth patient (Case 26) (Figs. 12, 13 and 14) 1s living 10 months after 
operation. A gap of three centimeters existed between the two segments 
before the anastomosis was made. Although there was roentgenographic 
evidence of a small leak at the site of the anastomosis from the fifth to tenth 
day, an external esophageal fistula did not develop. Feedings by mouth were 
continued during this interval and a gastrostomy was not necessary. The 
extrapleural wound was completely healed 10 days after operation, and the 
patient was discharged from the hospital 35 days after operation. The 
infant has developed normally and was in excellent condition when last 
seen at the age of six months.* 

The sixth, and most recent living case (Case 30), is now seven months 


* Condition on August 10, 1944, of: 

1. Case 18. A more recent roentgenologic examination of the esophagus with 
iodized oil reveals a persistence of the tracheoesophageal fistula. Gastrostomy feedings 
have been resumed and a plastic closure of the fistula will be required. 

2. Case 26. This patient was examined at the age of one year. His general 
condition continued to be excellent and he experienced no difficulty in swallowing. 

3. Case 30. Feedings have been given orally for the past 1.5 months. The wheezing 
during feedings has largely subsided. The attacks of apnea and respiratory arrest have 
almost disappeared, only one attack having occurred during the past two months. 
Esophagoscopic examination shows no evident abnormality of the reconstructed esophagus. 
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old. The patient has not been discharged from the hospital because respira 
tory difficulties occur with oral and gavage feedings. In this case the anas 







tomosis healed without the development of an external fistula, although a 
very small temporary leakage of the anastomosis was seen in the roentgeno- 














Fic. 13.—F. B., Case 26.—(A and B) Roentgenograms, six months after operation show the lumen 
of the esophagus to have enlarged There was no delay in the passage of rugar through the 
esophagus. 








Fic. 14.—F. B., Case 26.—(A and B) Photographs of patient one month after operation. The 
healed right parascapular incision is seen. A gastrostomy has not been needed. 
(C) Photograph of patient six months after operation. 


grams. Roentgenoscopic examination shows only a slight delay in the 
passage of lipiodol through the region of the anastomosis, and a No. 18 F. 
catheter can be easily introduced into the stomach. Wheezing occurs during 
all feedings, but it is more severe during oral feedings. The respiratory 
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ra- : difficulty is characterized by apnea, cyanosis and respiratory arrest which 
as- occasionally occur shortly after the conclusion of a feeding, whether it be by 
la the oral route or by gavage. Immediate resuscitative measures are needed 
no- to restore respirations. As the gavage feedings provoke the symptoms less 


often than do the oral feedings, the gavage feelings have been used almost 
exclusively and are being continued. The explanation for the respiratory 
attacks is not clear. A recurrence of the tracheoesophageal fistula has been 
considered as a possible cause for the symptoms, but the roentgen examinations 
reveal no evidence of a fistula. A faulty mechanism of deglutition has also 
heen considered as a possible cause, although the epiglottis appears to be 


normal on laryngoscopic examination.* 


h. SUMMARY 


The anatomic and surgical problems concerned with the correction of 
congenital atresia of the esophagus with tracheoesophageal fistula are pre- 
sented. Reconstruction of esophageal continuity by a single-stage operation 
consisting of an extrapleural closure of the tracheoesophageal fistula and ayf[® 
anastomosis of the esophageal segments offers the most satisfactory approach 
to the correction of the anomaly. A primary anastomosis of the upper and 
lower esophageal segments was done in 16 of the 24 patients for whom an 
exploration of the anomaly was undertaken. Six, or 37.5 per cent, of the 
16 patients for whom an anastomosis was performed are living from seven 


he months to three years and one month after operation, and the reconstructed 


esophagus is patent in all instances. 
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Discussion.—Dr. WiiiraAm E. Lapp, Boston: Doctor Haight justly remarks that 
congenital atresia of the esophagus has proven amenable to surgical correction only in 
very recent years. As far as I know, Doctor Leven, of St. Paul, has the oldest living 
patient, and my oldest living patient is 24 hours younger than his. They are both now over 
four and one-half years old. 

Doctor Haight is certainly to be congratulated on his presentation of the subject 
and on his splendid results. He has made a real contribution to this baffling problem 
I am in complete sympathy with his idea that extrapleural ligation of the fistula with 
primary anastomosis is the operation of choice when feasible. The feasibility of the plan 
depends on the findings in the individual case, and on the surgeon’s ability. The high 
percentage of cases that Doctor Haight considers feasible for primary anastomosis 
makes it unnecessary to comment on his ability. 

At The Children’s Hospital we have had the comparatively large series of 72 cases. 
Up until 1939 the experience was valuable largely for furnishing pathologic material, 
and for teaching us what not to do. Since that time, however, there has been a rift in 
the clouds, and we now have II living patients. During the past year we have operated 
upon 13 patients, of whom eight are living. In five of these patients a primary anastomosis 
was attempted, and two are living. In the other eight patients the fistula was tied off, 
an esophagostomy and gastrostomy performed, and six of these eight patients are living 
Two of this latter group were a little premature, weighing 4 pounds 6 ounces and 4 
pounds 8 ounces, respectively. In our oldest patient, now 4.5 years old, the anterior 
esophagus is continuing to function satisfactorily. 

I believe there always will be some patients in whom a primary anastomosis will 
not be feasible. We have had at least two patients in whom the lower segment of the 
esophagus extended not over a half inch above the diaphragm and the upper segment 
was not below the second or third dorsal vertebra. One of these patients is among ou! 
group of living cases. 

From data at hand to date, it would seem that the multiple-stage operation is a 
considerably safer procedure, though in some ways less desirable. The advantages of 
primary anastomosis make this operation preferable in patients in whom the tw 
segments are close together. 
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I would like to show some slides demonstrating the technic we have used for both 
the primary anastomosis and the multiple operations. 

(Slide No. 1) Type 1 is less amenable; Type 2 is the rarest; Types 3 and 4 are 
the most common, and Type 4, in which the fistula enters the trachea not above the 
bifurcation but in the carina, appears to be the most common in the last two years. 
Prior to this time, Type 3 had been the most common. Type 5 is again, rare, and it is 
only a very short embryonic step from Type 5 to the type in which there is no atresia, 
and just a tracheoesophageal fistula. 

(Slide No. 2) The approach is always made on the right side for the reason that 
it is easier, due to the fact that there are fewer important anatomic structures in the 
A curved incision is made between the scapula and the spine, and the scapula 
A rather long section of the fourth rib is resected, and the third 
and fifth ribs are cut. Then the pleura is pushed forward, the azygos vein is resected, 
and the lower portion of the esophagus identified. In the early cases we simply ligated 
In the later cases we have not only ligated but also cut 
slide will show the 


way. 
is retracted laterally. 


the tracheo-esophageal fistula. 
the tracheo-esophageal fistula, turning in both ends. The next 
reason for this change in technic. 

(Slide No. 3) This is a child that had done extremely well for more than three 
weeks, and was a very disappointing result. At the end of three weeks, following a 
gastrostomy feeding, the child suddenly aspirated all the gastric contents and drowned. 
You can see there is a little black stitch that had cut through all the muscular coats of 
the esophagus, the esophagus had recanalized, and the gastric contents went back 
We had that happen in one other case, but, 


into the lungs and drowned this child. 
The contents of the stomach were 


fortunately, we recognized that it was happening. 
evacuated and we reoperated and cut off the fistula, and that child is still living. 

(Slide No. 4) Now, in the cases in which a primary anastomosis cannot be done we 
have reconstructed an anterior esophagus in this manner: A rope is made in the right 
axillary line first, and where the rope is taken from, a Thiersch graft is placed, in order 
The lower end of the rope graft is now freed 
The next step consists of making a skin- 
The 


not to pull over the skin of the chest wall. 
and attached over the esophagostomy opening. 
lined tube from the esophagostomy opening down close to the gastrostomy opening. 
rope graft is then used, as you might say, to make the roof of the new esophagus. 

(Slide No. 5) This shows the method of attachment of the end of the rope graft, 
which I think is moderately important and self-explanatory. 

(Slide No. 6) After the epithelial-lined tube and skin-covered tube have been com- 
pleted from the esophagostomy close to the gastrostomy, another tube graft is con- 
structed from the left side, and practically the same procedure is followed to unite the 
two and complete the anterior thoraci¢ esophagus. 

(Slide No. 7) In one case we pulled the lower segment of the esophagus down 
through the diaphragm and brought that up on the anterior chest wall. This case is still 
living, but I have had a great deal of trouble with it, because of a fistula which has devel- 
ped between that and the epithelial-lined tube. It is now healed, and I hope the result is 
going to be satisfactory; but it has given a great deal of trouble, and I do not think I would 
do it again. 

(Slide No. 8) Early cases of primary anastomosis died with leakage, but since 
we have adopted this method of suture we have not had any leaks. 

In the top left hand corner the slide shows how we insert first in the upper 
segment small over-and-over stitches to act as stays, which give a long purchase so that 
the sutures will not pull out. The same thing is done in the lower segment, and the 
two segments are approximated. Three or four stitches are placed, anastomosing the 
mucous membrane first. Then the first stay-sutures are all tied, and two or three unin- 

rrupted Connell sutures are placed to turn in the outer part of the layers of the 


sophagus. 
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We have done that over a catheter and left the catheter in. I think very likely Doctor 
Haight’s idea of pulling the catheter out as soon as the anastomosis is completed, may 
be a better procedure. 

(Slide No. 9) This is our oldest child, 4.5 years of age. She eats quite a liberal 
diet. I tried to obtain a roentgenogram showing the outline of the esophagus, but the 
barium goes down very fast, and it is very difficult to obtain a satisfactory film. 

It is a mistake to think that: food stays in the skin tube—it goes through very 
rapidly. Apparently there is plenty of peristalsis in the upper segment of the esophagus 
tu push anything down into the stomach, and very quickly. 

(Slide No. 10) This is the oldest child in whom we have performed a primary 
anastomosis, now nine months old, and weighing about 17 pounds; she is a good, fat, 
healthy, well-nourished child, as you see by the picture. 

Again, I want to congratulate Doctor Haight on his primary anastomosis, and | 
think he has really made a great contribution to this difficult problem. 


Dr. N. Locan Leven, St. Paul, Minn.: I also wish to congratulate Doctor Haight. 
My experience parallels that of Doctor Ladd, but is not as extensive. 

Since 1939, I have operated on these cases, doing an extrapleural ligation, and 
have five that are surviving. The oldest is over four and a half years and the youngest 
is about three months. 

I feel that this operation of extrapleural ligation will always be necessary in some 
cases, as in the one-third of cases that Doctor Haight pointed out. I believe that in 
premature children that weigh four pounds, or under, it is exceedingly difficult to 
perform an anastomosis. My experience is not extensive in that regard. I have 
operated upon only. two, doing primary anastomoses, and neither of them survived. 
One weighed about 1,900 Gm. 

In one case in which I did an extrapleural ligation the upper pouch ended at the 
suprasternal notch, and when it was brought out the lower end was well above the 
clavicle. In this case an anastomosis would have been impossible. 

I believe that the operation of extrapleural ligation is simpler and safer, but it 
certainly entails considerable subsequent surgery to complete the case. 


Dr. Rottin A. Dante (Vanderbilt Hospital, Nashville, Tenn.) : I want to add my 
congratulations to those of the others for this very fine piece of work which Doctor 
Haight has accomplished. 

We, at Vanderbilt, have operated upon seven patients with this condition during 
the last two and a half years, all of whom had. tracheo-esophageal fistulae of the type 
described by Doctor Haight as being the most common. In six of these instances the 
fistula has been exposed and extrapleural ligation has been carried out. In the first 
four, however, exteriorization operations were performed, while in the last three, attempts 
were made to effect an end-to-end anastomosis of the esophagus. This was successful 
or was accomplished, in two patients; and one of these patients is still living at the age 
of five months. This child did get a stricture which is still being dilated through a 
gastrostomy. 

We have come to feel that the foilowing points are of some importance: 

First, that operation should not be delayed for very long, only long enough to 
correct fluid deficiencies and to administer plasma, as may be thought necessary. 

Second, that general anesthesia probably should not be employed, but that the 
operation should be carried out with local anesthesia in the skin or no anesthesia at all 

Third, that the extrapleural approach is the proper one, and that it should be 
carried out on the right side, although in the one successful case which we have 
to date, the operation was performed from the left side. 
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Dr. CAMERON HaiGutT (closing): I appreciate very much the discussion on this 


subject, because it allows an opportunity to survey the results that have been accomplished 


to date. Doctor Donovan had planned to be here today to ment:on the results at the 
Babies Hospital, where Doctor Humphreys has three patients who have survived the 
multiple-stage procedure; one patient who is living eight months following a primary 
anastomosis, and another patient who is living several days following an anastomosis. 
Including these cases, and those mentioned in the text of the paper, and by the dis- 
cussers, there are 30 living patients, although recent follow-up information is not 
available on two of the patients (Shaw, Nettrour), referred to in the text. It is very 
gratifying, therefore, to see that definite progress has been made in the treatment of 
a condition which, up to five years ago, had not been successfully corrected by surgery. 

In several of our cases we endeavored to obtain intrathoracic esophageal continuity, 
rather than electing the multiple-stage principle, when the anatomic conditions were 
unfavorable for an anastomosis. In two of these cases, the esophageal segments 
could not be approximated, so a catheter was left in the esophagus in the hope 
that secondary healing might occur over the catheter. This plan was not suc- 
cessful because of the regurgitation of gastrostomy feedings into the extrapleural 
wound. Had the multiple-stage operation been undertaken in these infants, they might 
have been saved, but until Doctor Ladd demonstrated the completed antethoracic esopha- 
geal tube today, I must confess that I had been distinctly unenthusiastic about the use 
of the multiple-stage plan, even when a primary anastomosis was impossible. 

In regard to Doctor Daniel’s remark concerning the anesthesia, the first several 
cases in this series were operated upon under local anesthesia. It was in these cases 
that the considerable mobility of the two segments and the resulting tension upon the 
anastomosis was first observed. I feel that the operation of primary anastomosis is 
more difficult when undertaken under local anesthesia, and I believe it can be done more 
quickly, with less trauma to the two segments during the construction of the anastomosis 
and with a better anastomosis if it is done under general anesthesia. 





THE DANGER AND PREVENTION OF CITRATE INTOXICATION 
IN MASSIVE TRANSFUSIONS OF WHOLE BLOOD* 


W. E. Apams, M.D., T. F. Toornton, Jr., M.D., J. GArrott ALLEN, M.D., 
AND 
D. E. GonzaLez, M.D. 


Cuicaco, Ix. 
FROM THE DEPARTMENT OF SURGERY OF THE UNIVERSITY OF CHICAGO, CHICAGO, ILL. 

THE VALUE OF BLOOD TRANSFUSIONS in improving and widening the scope 
of surgery has become more and more appreciated. By the use of adequate 
blood before and during operations, emphasis is placed on the prevention of, 
rather than the treatment of shock. Likewise, the maintenance of the normal 
volume and constituents of circulating blood is an important factor in the 
prevention of anoxia. Since anoxia may occur in the absence of cyanosis, 
especially in the anemic patient, prevention rather than active treatment is 
much more desirable. A third purpose served by blood transfusions is the 
improvement or maintenance of blood plasma proteins, a factor of importance 
in the healing of wounds and a satisfactory postoperative convalescence.” * 4 

The amount of blood loss during major surgery has frequently been 
grossly underestimated. This loss was not fully appreciated until recently 
when actual determinations were made. With the improvement of diagnostic 
methods and an appreciation of the physiologic needs of the patient, extensive 
surgical procedures have become more frequently used. In spite of attention 
being given to careful hemostasis, blood loss in many of these operations 
has been considerable. Actual determinations made following some thoracic 
operations have revealed that 1500 cc. of blood is an average loss for 
lobectomy and pneumonectomy.® In some instances the loss was as much 
as 3000 cc. Extensive abdominal and thoraco-abdominal as well as other 
operations not infrequently cause a loss of 1500 to 3000 cc., or more, of blood. 

Since the above factors have become appreciated, an attempt has been 
made in this hospital to replace the blood, while it is being lost, with an 
equal amount of whole blood or plasma, chiefly the former, in order to 
maintain the circulating blood in a normal state. This has necessitated the 
giving of massive transfusions, frequently from 1500 to 3000 cc. and at 
times as much as 7000 cc. Blood studies following operations in these 
patients revealed values which compared favorably with those found before 
operation. There were no untoward reactions observed in these patients. 

Recently, investigative work on the use of massive transfusions of blood 
and blood substitutes has been reported and a warning issued against the too 
liberal use of citrated blood. In an attempt to find a suitable blood substitute 








* This work was supported in part under a grant from the Douglas Smith Foundation 
for Medical Research of The University of Chicago. 
Read by title before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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for replacement of blood loss from massive hemorrhage, Ivy, and his co- 
workers,® conducted extensive experiments on dogs. The animals were 
bled from 45 to 65 per cent of their estimated blood volume within a 
period of 3 to 20 minutes. If no replacement of this loss was made, approxi- 
mately 84 per cent of the dogs died; when the loss was rapidly replaced by 
citrated whole blood or plasma over a five-minute period, 50 and 70 per cent 
of the dogs, respectively, died. However, if replacement was made with 
heparinized plasma only six per cent of the dogs expired. 

From the results of these experiments the authors warned against the 
rapid replacement of blood loss with massive transfusions of citrated blood. 
They postulated that if 1500 cc.—2500 cc. of citrated whole blood or plasma 
were given rather rapidly to a 70-Kg. man after a severe hemorrhage, it 
might prove to be fatally toxic. 

3runeau and Graham’ reported experiments in which dogs were bled 
10 per cent of the estimated blood volume and the blood then reinjected 
The reinjected blood contained either 0.6 


during a one-half hour period. 
The hemorrhages were repeated until 


per cent sodium citrate or heparin. 
The dogs receiving the citrated blood expired after an 


the animals died. 
the 


average of 9.25 hemorrhages, or approximately 92.5 per cent of 
estimated blood volume; while the dogs receiving heparinized blood averaged 
25.2 hemorrhages, or 252 per cent before death occurred. 

The authors believed that some other factor than sodium citrate con- 
tributed to the deleterious effects in this group. However, they warned 
against the too liberal use of citrate in large transfusions. 

In view of these two reports it was thought worth while to review the 
data on massive whole blood and/or plasma transfusions given during the 
past 18 months to 53 patients on several Surgical Services at the University 
of Chicago Clinics. A complete report® of this study was presented at 
the February meeting of the Society of University Surgeons held at Nash- 
ville, Tennessee, and will appear in “Surgery.” 

This series of 53 patients includes 35 abdominal, 16 thoracic, and two 
extremity operations. The volume of blood and/or plasma administered 
was 1500 to 3000 cc. in 40 patients, and 3000 to 7000 cc. in the remainder. 
The rate of administration was 1500 to 2500 cc. given over a period of two 
to six hours in most patients. Sodium citrate, 2.5 Gm. for each 500 cc. of 
whole blood, and 4.0 Gm. for each 500 cc. of plasma was the anticoagulant 
routinely employed. 

The blood pressure on some of the above patients fell below 80 mm. Hg. 
during operation, but shock was seldom seen following the transfusion. 
\ccording to blood studies made before and following operation no patient 
was overtransfused and their good postoperative condition emphasized the 
importance of replacement of blood loss. Transfusion reactions such as 
pulmonary edema or acute hemolysis from mismatched blood were not 
observed. 

It is obvious from the data presented that the clinical experience with 
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massive transfusions of citrated blood in our patients was at variance with 
the views that Ivy, and his coworkers, gained from their investigation. Thus, 
experiments were planned to test the influence of various factors which might 
contribute to the harmful effects of massive transfusions of citrated whole 
blood. 


EXPERIMENTAL METHODS 


Mongrel dogs weighing 7 to 14 Kg. were given morphine sulphate Gm. 
0.015 and novocaine infiltration or ether anesthesia. Ether was found to be 
very satisfactory and was employed in most of the animals while the vessels 
were being cannulated, after which the administration of anesthesia was 
discontinued. All animals which survived the experiment were- observed 
for two days or longer for evidence of citrate intoxication. Nonsterile technic 
was used in cannulating the femoral vessels for kymographic recording of 
arterial blood pressure, bleeding and the administration of blood or solutions. 
Kymographic tracings of respiratory activity were made by means of a 
bellows secured to the chest and connected with a mercury manometer. 


DOG 654 Wt. 11.3 Ke. Novocaine 
Sodium citrate 0.24 am./Kg. (0.4% sol.) in 10 minutes, 








_ 
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— 
5 
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MINUTES 





RESPIRATION 


* Manometer not working. 





Fic. 1.—Dog 654: Injection of sodium citrate was begun at A and ended ten minutes later at B 
Note relatively little alteration of blood pressure curve. There was some increase in respirator 
activity during the latter half of the period of injection. The animal showed no late citrate reactior 












TYPES OF EXPERIMENTS 


1. The Effect of Sodium Citrate in Normal Dogs.—This was studied in 
23 animals which were divided into three groups according to the amount 
of sodium citrate per kilogram of body weight injected. As seen in Table |, 
they were subdivided according to the rate of administration of the solution 
In Group A the animals received 0.18 to 0.25 Gm./Kg. of body weight. 
The rate of administration varied from 2.5 to 30 minutes as may be observed 
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in the table. Two of five animals receiving this dosage in 2.5 to 10 minutes 
died. One of the four animals receiving the injection in 11 to 20 minutes 
expired, whereas all of four animals receiving the administration in the 
30-minute period survived. Figure 1 shows kymographic tracings of arterial 
blood pressure and respiratory activity of Dog 654 which survived 0.24 Gm. 


Fic. 


200 671 Wt. 11.8 Kg. Ether 
Sodium Citrate 0.40 em./Kg. (2.5% sol.) in 30 minutes. 
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DOG 665 Wt. 10.5 Ke. Ether 
Sodium citrate 0.95 am./Ke. (2.5% sol.) in 2 hours. 
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RESPIRATION 


Fic. 3 

Fic. 2.—Dog 671: The injection of citrate was begun at A and was stopped at B. Note rela 
tively little alteration in blood pressure tracing until the sudden drop shortly before the injection was 
completed. Some increase in respiratory activity is seen during the middle portion of the injection 
No attempt was made to revive the animal. 

Fig. 3.—Dog 665: Injection of sodium citrate was begun at A and continued until B. Note 
relatively little alteration in blood pressure or respiratory activity throughout the injection. The dog 
was followed for 2.5 weeks and showed no evidence of citrate reaction. 


of sodium citrate per kilo of body weight (or sufficient to cover 60 per cent 
of the estimated blood volume) given intravenously during a ten-minute 
period. 

In the second group of four animals, 0.29 to 0.40 Gm./Kg. of body 
weight of sodium citrate were given in 13 to 30 minutes—and all of the 
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animals died. Figure 2 shows the tracings of Dog 671 which died following 
the intravenous administration of 0.40 Gm. Kg. body weight of sodium 
citrate (2.5 per cent solution) given over a 30-minute period. 

In the third group, six animals received 0.47 to 1.03 Gm./Kg. of 
sodium citrate. Two of the six received the injection in 18 to 33 minutes 
and both animals expired. In the remaining four, the administration time 
was 90 to 120 minutes. Three of this latter group survived. (See Fig. 3). 


DOG 709 Wt. 8.5 Kg. , Ether 


Sodium citrate 1.0 gem./Kg. (2.5% sol.) in 21 minutes. 
Calcium gluconate 4,0 gm. given before and during infusion. 


A 


BLOOD PRESSURE 








MINUTES 


RESPIRATION 


Fic. 4.—Dog 709: Two grams of calcium gluconate were given at the first Ca and the injection of 
sodium citrate was begun at A. A second injection of calcium gluconate (2 Gm.) was given at th 
end of 20 minutes and the injection of sodium citrate completed at B. The blood pressure was 
approximately the same at the end of the experiment as at the beginning and little change was noted 
in respiratory activity. The anima! showed no evidence of citrate intoxication following the experiment. 


From the above experiments it was concluded that normal dogs tolerate 
approximately 0.25 grams of sodium citrate per kilogram of body weight 


, 
(or sufficient to cover 60 per cent of the estimated blood volume with a 


0.41 per cent solution) when not injected too rapidly (over a period of 
20 minutes or longer). 

2. The Influence of Calcium Gluconate on Citrate Intoxication in Normal 
Dogs.—In four animals, 0.87 to 1.14 grams of sodium citrate per kilogram 
of body weight were injected during a period of 20 to 38 minutes. When 
signs of citrate intoxication occurred, calcium gluconate, four to six grams 
(20 per cent solution) were slowly administered in divided doses. One of the 
animals expired due to a delay in the injection of the calcium. Figure 4 shows 
the tracing of Dog 709 which survived following the intravenous injection 
of 1 Gm. of sodium citrate per kilogram of body weight, given over a 2! 
minute period. Calcium gluconate Gm. 2 were given before and during 
the infusion (total of 4 Gm.). 
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These experiments demonstrate that when ionizable calcium is made 





available, a higher concentration and a larger amount of sodium citrate may 
be given more rapidly without fatality (1 Gm. per kilogram in 20 to 






28 minutes). 
3. The Effect of Autotransfusion with Citrated Whole Blood Following 
a Hemorrhage of 20 to 60 per cent of the Estimated Blood Volume.—Eleven 









Ether 






DOG $72 Wt. 12.3 fe. 
Bled 41% of estimated blood volume. 

Autotransfusion with citrated blood B 
(.20 am. citrate/Kg.) in 18 minutes. 





BLOOD PRESSURE 





MINUTES 











A. 






RESPIRATION 





it the five points marked X for a total of 500 cc. 
at A and ended at B Note return of blood pressur 
animal was followed for one week and showed no 


Fic. 5.—Dog 672: The dog was bled 
Replacement of citrated whole blood was begun 
to approximately the prehemorrhage levei The 


evidence of late citrate reactions. 










dogs were bled into a receptacle containing sodium citrate until they were 
The citrated 
In three 





in extreme shock (blood pressure from 30 to 45 mm. Hg.). 
0.41 per cent) blood was then used for transfusing the animal. 
animals 0.14 to 0.21 Gm. of sodium citrate per kilogram of body weight was 
introduced with the transfusion during an II- to 12-minute period. All 
In the remaining eight dogs, 0.12 to 0.25 Gm./Kg. 







three animals expired. 
of sodium citrate were administered in the transfusion over a period of 
18 to 36 minutes. All of these animals survived. 

Figure 5 shows the tracing of Dog 672 in which severe shock was pro- 
luced by bleeding 41 per cent of the estimated blood volume. The blood 
was citrated (0.41 per cent) and returned to the animal in 18 minutes, 







with survival of the animal. 

These experiments demonstrate that normal dogs will tolerate replace- 
nent with citrated whole blood after severe shock due to hemorrhage of 20 
to 60 per cent of the estimated blood volume (using sodium citrate to cover 
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35 to 60 per cent of the blood volume) when given over a period of 20 
to 35 minutes. 

4. The Influence of Calcium Gluconate in Autotransfusion with Citrated 
Whole Blood Following a Hemorrhage of 26-70 per cent of the Estimated 
Blood V olume.—As in the preceding group, these animals were bled inté a 
known amount of sodium citrate. When an extreme degree of shock was 
reached the citrated blood was then given intravenously. Four animals 
received 0.24 to 1.0 Gm./Kg. of sodium citrate in the transfusion given over a 
period of 3 to 13 minutes without fatality. Four to 7 Gm. of calcium gluconate 


DOG 697 Wt. 8.0 Keg. Ether 


Bled on three occasions; 76%, 76.7% and 83% of estimated blood 
volume. Autotransfusion with citrated whole blood in 7, 5 and 
3% minutes. Witn the let & 3rd transfusions, calcium gluconate 
(4 gms.) was given when signs of citrate intoxication appeared. 


240 - 


BLOOD PRESSURE 








MINUTES 10 


ig — 


RESPIRATION 





Fic. 6.—Dog 697: The first bleeding of 610 cc. is indicated by the first two Xs. Replacement 
with citrated whole blood was begun at A and ended at B. At Ca when citrate intoxication was 
becoming manifest 4 Gm. of calcium gluconate were rapidly injected and produced an immediate ris¢ 
in blood pressure. A second hemorrhage of 614 cc. produced at the 2 Xs was made approximately 17 
minutes after the first replacement was completed. Replacement with citrated whole blood was begun 
at A and ended at B with no evidence of citrate reaction. A third hemorrhage of 665 cc. was made 
at X and again replacement was started at A and ended at B. Following this last replacement note 
marked citrate intoxication from which the animal could not be revived by the use of 4 Gm. of 
calcium gluconate. 





































were used. (See Fig. 6—Dog 697). Thus, it is seen that a larger blood loss 
and replacement with a higher concentration of sodium citrate given more 
rapidly (3 to 13 minutes) was tolerated when calcium gluconate was 
administered. 

5. The Replacement of Blood Loss with Physiologic Saline Solution 
Following a Hemorrhage of 27 to 50 per cent of the Estimated Blood Volume. 
Eleven dogs were bled until extreme shock was produced. In five of 
these, replacement of the blood loss with an equal amount of physiologic 
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™ saline in a period of four to six minutes was carried out with no deaths. 
In the remaining six animals, replacement of the blood loss was made with 
ated an equal amount of physiologic saline plus the use of 3.3 to 6.0 Gm. of calcium 
ated gluconate over a period of 3 to 18 minutes. All of these animals survived. 
Oa (See Fig. 7). Thus, bleeding of 30 to 50 per cent of the estimated blood 
ive volume and replacement with a similar amount of physiologic saline, with 
nals i or .without the addition of calcium gluconate, administered in 3 to 25 
ale, minutes was well tolerated. 
late 6. Simultaneous Bleeding and Replacement of Blood Loss with Prepared 


Citrated (0.41 per cent) Whole Blood With and Without the Administration 
of Calcium Gluconate—A. Without Calcium Gluconate: The amount bled 
in four dogs varied from 8o to 132 per cent of the estimated blood volume. 
The rate of bleeding varied from 37 to 165 minutes. Sodium citrate, 0.5 
to 0.73 Gm./Kg. of body weight were received in the transfusion. Two 
of the four animals survived. One of these was bled and transfused ap- 
proximately 90 per cent of the estimated blood volume over a period of two 
hours. The other was bled and transfused 8o per cent of the estimated 
blood volume over a period of one hour. <A third animal was bled and 
transfused 87.4 per cent of the estimated blood volume over a period of 30 
minutes, at which time he expired. The fourth was bled and transfused 
132.3 per cent of the estimated blood volume over a period of 2.75 hours. 
\t the end of that period the bleeding and transfusion were stopped when 
a rapid blood pressure fall was observed. The blood pressure then returned 
spontaneously to normal. However, the animal expired approximately one 
| hour later. (See Fig. 8). 


B. With Calcium Gluconate (4.0 to 8.0 Gm.).—Eight animals are included 


whe 
in this group and were either given small amounts of calcium gluconate 
during the period of transfusion, or the injections of calcium gluconate 
were given when the blood pressure fall indicated that the dog would no longer 
survive. The eight animals were bled and transfused approximately 100 
to 200 per cent of the estimated blood volume over a period of from one 
= to two hours. The amount of sodium citrate received in the transfused 
blood was from 0.5 to 1.0 Gm./Kg. of body weight. When calcium gluconate 
= was withheld until citrate intoxication was manifest, the blood pressure 
pe fell rapidly and the arterial blood became very dark. Respiratory activity 
sometimes remained unchanged, but was usually somewhat more active. 
Three of the eight dogs were allowed to bleed 150, 100 and 180 per cent 
- of their estimated blood volume until the blood pressure fell to 60, 42 and 
we 30 mm. Hg., respectively, before calcium gluconate was injected. All 
° three responded immediately to calcium gluconate and survived the experi- 
ment. (See Dogs 933, 997 and 2 of Table II). All eight of the animals 
‘ survived following the injection of calcium gluconate. Figure 9, Dog 997, 
; shows the blood pressure and respiratory tracing during bleeding and 
) 


replacement of 175 per cent of the estimated blood volume in two houts. 
‘our grams of calcium gluconate were used. 
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DOG 769 «Wt. 11.1 Kg. Ether 


Bled 29% of estimated blood volume in 6 minutes. 
Replaced with similar amount of physiological 
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DOG 318 Wt. 8.5 Ke. Ether 


Bled 132% of estimated blood volume in 3 hours with simultaneous 
transfusion of citrated blood. (0.83 gm./Kg. of sodium citrate) 
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Fic. 7.—Dog 769: Bleeding was begun at X and continued for approximately six minutes wher 
a total of 325 cc. had been removed. Replacement with physiologic saline solution was begun at A 
and ended at B. Note return of blood pressure to a somewhat lower level than was present before t! 
hemorrhage. The animal died two days following the experiment of distemper. 

Fic. 8.—Dog 818: Bleeding and transfusion of citrated (0.41%) whole blood were begun at A 
and continued until B when both bleeding and transfusion were stopped. Note continued lowering of 
blood pressure to approximately 25 Mm. of mercury and spontaneous return to the same level as befor: 
experiment was begun. Tetanic contractions were observed after the blood pressure returned t 
normal level. The dog expired approximately one hour following the completion of the experiment 
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From these experiments it was concluded that normal dogs tolerate 
simultaneous bleeding and transfusion of citrated whole blood amounting to 
as much as 75 to 125 per cent of the estimated blood volume. When calcium 
gluconate was added, as much as 200 per cent of the estimated blood volume 
was removed and replaced without fatality. 

CoMMENT.—Since the introduction of transfusion of citrated blood in 
1915 by Lewisohn,® considerable study has been made regarding its value 
and its disadvantages. Many of the reactions attributed to the citrate during 
its early use’ 14 have subsequently been proven to be on the basis of 
pyrogenic substances or to mismatching of the blood.’ *° 

The toxicity of sodium citrate was demonstrated in dogs by Lewisohn,® 
and in man by Krautwald and Dorow.'* These workers found that large 
doses of citrate were necessary to produce harmful effects and that the 
rate of injection was an important factor (Krautwald and Dorow). This 
was likewise the case in our experiment. When the rate of injection of 
sodium citrate alone or as citrated blood was comparable to transfusions 
of 1000 cc. of blood per hour in man, as much as 0.24 Gm./Kg. of body 
weight, or sufficient for use in 60 per cent of the estimated blood volume, 
was safely tolerated. If the administration was over a very short period, 
i.e., sufficient citrate for 60 per cent of the estimated blood volume given 
in 10 to I2 minutes, the action was usually fatal. This latter finding was 
similar to the results of Ivy, and his coworkers, who found that a high per- 
centage of animals expired following replacement of severe blood loss by 
citrated whole blood or plasma during a five-minute period. It would be 
practically impossible however to duplicate clinically so rapid a rate of 
administration, since this would necessitate the giving of over 4000 cc. of 
blood to a 70-Kg. man during a five-minute period. 

In the group of I1 animals in which physiologic saline solution was 
used to replace loss of blood from severe hemorrhage, no untoward effects 
were noted. These animals were followed for some time following the 
experiment and no late reactions were manifested. The amount of hemorrhage 
was sufficient to produce extreme shock in all cases. Our results did not 
compare with those of Ivy, and his coworkers, in this regard, although the 
rate of administration was practically the same, namely, four to six 
minutes. It appeared to make little difference when calcium gluconate was 
given with the saline solution. 

In the group of 12 animals where replacement of blood loss with citrated 
whole blood was carried out simultaneously with the bleeding, the procedure 
was similar to that described by Bruneau and Graham. Some degree of 
fall in blood pressure was produced in their animals with each successive 
bleeding, and perhaps might have accounted for the shorter period of time 
which their animals survived (approximately 9.25 bleedings or 92.5 per 
cent of the estimated blood volume in 4.5 hours) as compared with ours 
(approximately 112 per cent of the estimated blood volume in 1.1 hours). 

he results of their experiments agree with ours in that animals may tolerate 
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the replacement of massive blood loss with citrated whole blood when given 
at the rate currently employed in man, namely 500 to 1000 cc. of blood per 
hour. Our experiments would seem to indicate that animals in whom shock 
has been produced are able to tolerate citrated whole blood somewhat less 
well than animals in whom shock is prevented by the administration oi 


DOG 997 Wt. 7.0 Ke. Ether 


Bled 175% of estimated blood volume in 2 hours with simultaneous 
transfusionsof citrated blood (0.87 am./Kg. of sodium citrate). 

2 grame of calcium gluconate administered on 2 occasions when signs 

of citrate intoxication appeared. CA 


BLOOD PRESSURE 








RESPIRATION 


Fic. 9.—Dog 997: Simultaneous bleeding and transfusion of citrated (0.51%) whole blood wer 
begun at A. Note change in character of blood pressure tracing beginning one-half hour after the 
experiment started, with a sudden fail occurring approximately one hour after the experiment was 
begun. Both bleeding and transfusion were stopped at B at which time a sample of arterial blood was 
removed for study. The arterial blood was extremely dark and the eye reflexes were almost absent 
Two grams of calcium gluconate were injected at Ca (near the bottom of the blood pressure tracing 
with almost immediate response of cardiac and respiratory activity. The color of the blood and the eye 
reflexes returned to normal within two or three minutes. Bleeding and transfusion were again started 
at Ax. Towards the end of the second hour, 2 Gm. of calcium gluconate were again injected along 
with the transfused blood. This raised the blood pressure to approximately the preexperimental level 
Bleeding and transfusion were discontinued at B. The animal was followed for a period of three weeks 
and showed no evidence of late citrate reaction. 


citrated whole blood during the bleeding period. Thus, it would seem that 
the rate of administration of citrated blood should be somewhat slower in 
those patients where severe shock has already been produced by massive 
hemorrhages. 

The picture of citrate intoxication was similar regardless of the type 


of experiment in which it was observed. Alterations in blood pressure 


tracings were at times observed for several minutes prior to a rapid terminal 
fall. (See Figs. 8 and 9). Likewise, some change in respiratory activity 
was usually present for several minutes before fatal intoxication occurred 
Respiratory failure was never observed prior to cardiac failure. Muscula: 
reactions were variable although some of the experiments were made undet 


loca] anesthesia. Definite tetanic contractions were present in some of the 
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latter group when citrate intoxication occurred. Eye reflexes usually became 
very sluggish and were at times completely absent when extreme intoxica- 
tion occurred. 

The blood findings in severe citrate intoxication were quite dramatic. 
The color of the blood became very dark red (almost black) and gas 
analyses revealed that the oxygen was as low as three to four volumes per 
cent. Severe acidosis was observed, the fy falling from an original 7.4 down 
to as low as 7.15. This was thought to have been due in part at least to the 
use of citrated blood which showed a marked reduction in serum carbon 
3 dioxide and had a py of 7.25. The mechanism of citrate intoxication is 









under further investigation at the present time. 
The Use of Calcium Gluconate in Preventing or Treating Citrate Intoxi- 
cation: Calcium gluconate was used to prevent citrate intoxication both where 







4 sodium citrate alone was given to normal animals, and when it was used in 
4 blood for the replacement of blood loss. In either case it was extremely 
effective in preventing or overcoming citrate intoxication. Within a period 







of two to three minutes, the blood pressure and respiratory activity returned 
to normal. The color of the blood which had become extremely dark also 
returned to a normal bright red and gas analyses revealed a normal oxygen 






content. The eye reflexes which had become very sluggish returned to a 
normal state. The amount of calcium usually employed in 7 to 14 Kg. 






animals was approximately 4 Gm. (20 cc. of a 20 per cent solution) for the 





replacement of 60 to 100 per cent of the estimated blood volume. When 





animals were allowed to bleed as much as 200 per cent of the estimated blood 
volume, as much as 8 Gm. were given. The experiments were not carried 





further than 200 per cent of the blood volume, and all of the eight animals 





which received calcium gluconate in this group survived the experiment. 
The clinical application of calcium therapy in citrate intoxication has 
already been reported by Hill and Muirhead.'° In the use of concentrated 
plasma the danger of citrate reactions is somewhat greater than in the 
use of citrated blood due to the increased amount of citrate needed. These 
authors stated that citrate reactions in their clinical experience were a 
rarity. They, however, produced this condition intentionally in four patients, 










the reaction being prevented or stopped once it had developed, by the use 





of 3 to 10 ce. of calcium chloride or calcium gluconate. In view of our 





experiments it would seem desirable to have calcium gluconate or calcium 
chloride available for immediate use when massive transfusions of citrated 
blood were expected to be administered over an extremely short period of time. 













SUMMARY AND CONCLUSIONS 








Massive transfusions of citrated whole blood for the treatment of extreme 
shock (blood pressure of 30-45 mm. Hg.) produced by hemorrhage of as 
much as 60 per cent of the estimated blood volume were safely tolerated 
in dogs when the replacement of blood loss was made during a period of 






‘O minutes or longer. 
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TABLE I 


EFFEcT of SopruM CITRATE IN NORMAL DoGs 


Amount of Sodium Citrate—in Gm./Kg. Time of Number of 
of Body Weight Infusion Dogs Died 

A. O.88-O.25...35..0% ° . 2.5— 10 minutes 5 2 
11 — 20 minutes 4 1 
1 4 0 

B 0.29-0.40 13 — 30 minutes 4 4 

C 0.47-1.03 ; whe 18 — 33 minutes 2 
90 —120 minutes 4 


* Received 0.25 Gm./Kg. in a 15-minute period 


Showing the effect of sodium citrate in 23 normal dogs. Note that the rate ot 


injection was an important factor in the production of intoxication. 


TABLE II 
SIMULTANEOUS BLEEDING AND REPLACEMENT WITH CITRATED (0.41%) WHOLE BLOOD 


Per Cent of Estimated 















Dog Blood Volume Time in Calcium 

No. Bled Hours Gluconate Results 

793 90 2 None No ill effects observed. Sacrificed 48 hours 

811 80 1 None No ill effects observed. Sacrificed 8 days 

816 87.4 0.66 None Died. Sudden fall in blood pressure. Blood very dark 

818 132.3 2.75 None Died. Sudden fallin blood pressure. Blood very dark 

896 101 1 6 Gm No ill effects. Sacrificed 8 days. 

898 105 1 4 Gm No ill effects. Sacrificed 12 days. 

899 122 1.25 4 Gm. No ill effects. Sacrificed 4 days. 

916 200 2 8 Gm No ill effects. Died 3 days PO—wound infection 

933 150 1.5 4 Gm. Revived with calcium after bleeding 150°% of esti 
mated blood volume. Sacrificed 18 days. 

937 200 2 8 Gm Revived with calcium after bleeding 75%. Sacrificed 
4 days. 

997 175 1.75 4 Gm. Revived with calcium after bleeding 180% Died 
5 days of infection. 

2 200 2 6 Gm Revived with calcium after 100° bleeding. Sacr 






ficed 3 weeks. 










Detailed results in 12 animals which were bled and transfused with citrated (0.41 


per cent) whole blood simultaneously. Eight of the animals received calcium gluconate 





when signs of toxicity were present or during the experiment preventing intoxication by 






the citrate. All of the animals receiving calcium gluconate survived the experiment 












When bleeding and transfusions were conducted simultaneously, an 





average of 112 per cent of the estimated blood volume was exchanged during 
a period of 70 minutes before the animal expired. This would correspond 






to a transfusion of 7840 cc. of blood given during the same period of time 






for a 70-Kg. man. When the rate of bleeding and transfusion was less 
rapid, a larger volume was exchanged without reaction. 
Thus, a large margin of safety is present even in massive transfusions 
: of citrated whole blood or plasma when the administration is at a maximum 
rate currently employed in man (1000 cc. per hour). 







Calcium gluconate was very effective in preventing or alleviating citrate 
intoxication when very large doses of citrate had been administered during 
a short period of time. 

We are indebted to Dr. Lillian Eichelberger for the blood studies made 







in this experiment 
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SURGICAL MANIFESTATIONS OF COCCIDIOIDOMYCOSIS* 


Mayor Laurence M. Quit, M.C., AND CoLoneL Joun C. Burcu, M.C. 


ARMY OF THE UNnrTED STATES 


FROM THE SURGICAL SERVICE OF THE BROOKE GENERAL HOSPITAL, FORT SAM HOUSTON, TEXAS 

AN INTERESTING DEVELOPMENT associated with the war’s world-wide mi- 
gration is exposure to circumscribed endemic disease. This focuses attention 
on hitherto local problems such as coccidioidomycosis, sometimes known as 
California disease, Valley fever, or coccidioidal granuloma. 

The disease occurs in two forms, localized and disseminated. The latter 
form, or coccidioidal granuloma, was first reported in the United States by 
Rixford’ in 1894. Only one previous case, that reported by Psoades and 
Wernicke? in 1892, from the Argentine, occurs in the world literature. 

On account of its unusual features and grave prognosis, the disease attracted 
great attention. In 1938, Dickson and Gifford® discovered that an influenza- 
like state affecting residents of the San Joaquin Valley was in reality the 
primary, or localized, form of coccidioidomycosis. This disease has been 
referred to also as San Joaquin fever, Valley fever, and desert rheumatism. 
Smith,* in 1940, and Emmons,* in 1943, have made important contributions 
to its epidemiology. 

In addition to the San Joaquin Valley, the disease is endemic in certain 
arid regions of Arizona, New Mexico, Mexico, and Texas. In the latter state 
the distribution of cases is fairly widespread (Fig. 1). There are also endemic 
foci in the Chaco region of Argentina and in Italy, two cases having been 
reported by Jocano® from the general area of the present battlefields. 

The causative organism was first thought to be protozoan, but, in 1900, 
Ophuls and Moffet’ proved it to be a fungus. There are two phases in its 
life cycle, a vegetative and a parasitic. In tissue the organisms appear as 
double contoured spherules of variable size containing endospores. The 
appearance of these spherules is characteristic and their identification in tissue 
is diagnostic of the disease (Fig. 2). The endospore-containing spherules 
grow out on artificial culture medium, suitable soil or vegetation as a white 
fluffy mold. Microscopically, the growth is composed of interlacing mycelia 
with tiny chlamydospores attached to the aerial hyphae. 

Infection in the primary form is the result of inhalation, or, rarely, 
inoculation of the chlamydospores which have grown out on the soil or vege 
tation of the endemic areas. A recent epidemic® has been traced to inhalation 
of dust, and the chlamydospores were recovered from the soil which was the 
source of the dust. Several recent mild epidemics® ?° have occurred in 
soldiers encamped in an endemic area. Emmons? attaches considerable: im- 
portance to certain wild rodents in the area of infection and states that the 








* Read before the American Surgical Association, May 3-4, 1944, Chicago, III. 
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disease is primarily a rodent disease which is transmitted frequently, but 
accidentally, to man through the medium of contaminated soil. 
It is unlikely the disease can become established in new areas by the 


migration of infected persons. Other factors such as climate and perhaps 
the presence of suitable animal species as hosts are necessary. Man to man 
contact transmission is unknown. The parasitic spherule is not very infectious 
and must first grow as the vegetative form. All authorities agree it is pointless 
to isolate patients with the disease. However, care should be taken in the 


disposal of sputa and dressings. 
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Fic. 1.—Showing the fairly widespread distribution of 
coccidioidomycosis in Texas 


The primary disease in an endemic area is widely distributed. In the San 
Joaquin Valley three-fourths of the ten year residents have been infected. 
Outside of the endemic areas traces of the disease can be found. In an 
Eastern Preparatory School of 680 students, 17, or 2.5 per cent, showed evi- 
dence of past primary infection (Aronson and Gallagher’). None of these 
had previously been diagnosed. 

The secondary form or coccidioidal granuloma is much rarer. It occurs 
about once for every three to four hundred primary cases. Approximately 
790 cases of coccidioidal granuloma have been recorded to date. It is not 
due to reinfection but to a failure of the host to localize, or keep localized, his 
primary infection. Development of the granulomatous form usually quickly 
occurs following the primary infection, but in certain cases the interval may 
be years. This fact plus a migrating population indicates the probable 
occurrence of cases of the granulomatous form in many new areas. The 
problem is, therefore, of general as well as local interest. 

The primary infection is commonly accompanied by signs and symptoms 
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of a mild respiratory infection, usually bronchitis, with a productive cough. 
In addition, there may be chills, fever, anorexia, malaise, backache, and joint 
pains. Within the first 18 days erythema nodosum appears in 2 per cent to 
15 per cent of cases. 

The leukocyte count is variable. Eosinophilia occurs fairly regularly late 
in the disease. The sedimentation rate is uSually elevated. The sputum 
contains the diagnostic spherules during the active stage. If they are not found 
im wet preparations, the sputa may be cultured. If the fungus is present, 
it can be identified by animal inoculation and recovery of the spherules. 

Roentgenograms may reveal only transient changes in the lung fields. 
Sometimes there are nodular areas of pneumonitis. Exudative lesions may 
be associated with cavitation. The cavities are usually single, may close 
spontaneously, but have a tendency to persist. Cavitation is the only lesion 
of surgical interest occurring in the primary phase. 





_ ade :, 


Fic. 2.—Coccidioides immitis. Photomicrogram of the organism in tissue. 


Once the primary infection has been localized, a high degree of immunity 
develops. Patients once having had the disease react to an extract of the 
organism somewhat as to tuberculin. This coccidioidin test depends on a skin 
sensitivity to a polysaccharide substance combined with a nitrogenous radical 
and is an allergic manifestation. The usual dilutions used are 1:1000 and 
1:100. The test is read at 24, 48, and 72 hours. Recovered cases‘ have 
reacted as long as nine years after the primary infection. The test is relatively 
disease-specific. A negative? reaction tends to exclude the possibility of 
infection, while a positive indicates past or present infection. There is also 
a complement fixation test and a precipitin reaction. It is said that in 
disseminated granuloma complement fixation titer is high and _precipitin 
titer is low. 

When the infection is overwhelming, or the host’s resistance inadequate, 
dissemination occurs. The disseminated form is more common in young adult 
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males. Any tissue of the body can be involved except the gastro-intestinal 


tract. The individual lesions are usually granulomatous cold abscesses. A 
variety of surgical conditions can be simulated. The following cases are 
illustrative : 

ILLUSTRATIVE CASE REPORTS 


Case 1.—A 3!I-year-old soldier was admitted to the Station Hospital, Randolp! 
Field, Texas, August 4, 1943, complaining of pain in the RLOQ of his abdomen of two 
weeks duration. The pain was intermittent. For the two days prior to admission it 
had grown progressively worse and was associated with nausea, vomiting and anorexia. 
The past history was entirely negative. He had never been outside of Texas. Physical 
examination revealed no abnormal findings except well localized tenderness in the RLQ 
of the abdomen, marked rigidity of the right rectus muscle, and rebound tenderness 
[he white blood count was 11,000 with 76 per cent polys. A diagnosis of appendicitis 





Fic. 3.—Case 1: Roentgenograms showing partial atelectasis of the right lower lobe and 
involvement of the 7th and 8th dorsal vertebrae, with rib invasion. 





was made and the abdomen opened. The peritoneum was thickened and minute tubercles 
were noted on the bowel. The mesenteric nodes were enlarged. Postoperatively, the 
patient developed a persistent atelectasis in the right chest. He was transferred t 
Brooke General Hospital. Roentgenograms of the chest showed, in addition to the partial 
itelectasis of the right lower lobe, a destructive lesion in the transverse processes of 
the seventh and the eighth dorsal vertebrae. The temperature was elevated daily to 
102° F,. The atelectasis in the right lung field cleared. The abdominal wound healed 
er primam. The pathologist reported the presence of Coccidioides immitis in the 
tubercles on the mesentery of the removed appendix. The lesion in the thoracic spine 
spread rapidly and there was invasion of the ribs (Fig. 3). Coccidioidin skin test, 
dilution 1:1000, was negative. The patient’s condition was rapidly downhill and h« 
expired on September 23, 1943. The duration of the disease was approximately two 
months. Necropsy revealed widespread infiltration of the lungs, peritoneum, vertebra¢ 
meninges, liver, spleen, and kidneys. Microscopic study of the lesions showed the 
presence of large numbers of Coccidioides immitis. 

Case 2. \ 20 year-old soldier entered Brooke General Hospital, October 12, 1912 
mplaining of pain in the upper abdomen. This had started about three months prior 


admission. It was not affected by tl 


ie taking of food. Anorexia and weight loss 
ere marked. There were daily elevations of temperature. The past history was negative 
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He was a native of North Carolina and had been stationed at Fort Clark, Texas, fo 
six months. At Fort Clark Station Hospital an abscess in the right groin had been 
incised under local anesthesia. Roentgenologic examination showed evidence of a mass 
to the left of the dorsal vertebrae (Fig. 4). A transfer diagnosis of “Pott’s diseas« 
was made. On admission to Brooke General Hospital, physical examination revealed 
a draining sinus in the right groin. There was an abscess, about 5 cm. in diameter, to 
the right of the lumbosacral junction. The patient was acutely ill. Temperature ranged 


to 104° F. Bacteriologic studies of the material from the lesions in the right groin 
and back were negative. Gradually another abscess developed over the vertex oi 
the skull, and roentgenograms showed destruction of both tables of bone. It was 
then decided to excise the infected cranial bone, and this was done, November 2, 1943 


\ll infected bone was curetted out and the wound closed. The pathologist found th 





Fic. 4 Fic. 5 
Fic 3.—Case 2: Roentgenogram showing evidence of mass to the left of the dorsal 
vertebrae 
Fic. s Case 3: Roentgenogram showing areas of consolidation in both lung fields, wit! 
widening of the mediastinum. 


typical diagnostic spherules in the material removed at operation. The scalp wound did 
well for a short period but thereafter the wound broke down, with evidence of secondary 
infection. The patient’s course was rapidly downhill, with widespread dissemination 
of the lesions, and he expired November 24, 1943. Duration of disease was approximately 
four months. At autopsy, there was widespread involvement of the lungs, bones, liver, 
spleen, kidneys and pancreas. Microscopic study of the infected tissues showed the 
presence of Coccidioides immitis in great number. 

Case 3.—A 22-year-old soldier entered the Station Hospital, Moore Field, Texas, 
August 7, 1942, complaining of cough and generalized weakness. Past history was 
negative. He was a native of Oregon, and had been stationed at Moore Field for on 
vear. The clinical diagnosis was pneumonia. Roentgenograms of the chest showed areas 
of consolidation in both lung fields, with widening of the mediastinum (Fig. 5). Ther 
was a rather large node behind the right sternomastoid. Laboratory studies revealed a 
white count which varied from 10,000 to 24,500, with a rising eosinophil count of 2 
per cent to 33 per cent. He was transferred to Brooke General Hospital and September 
12, 1942, the lymph node was removed from the neck. A diagnosis of coccidioidomycosis 
was made by microscopic study of the node and identification of Coccidioides immitis 
Coccidioidin skin test, dilution 1:1000, was negative. The patient’s course was rapidly 
downhill, with widespread dissemination of the infectious process. He expired Octobe: 
22, 1942. Duration of disease was approximately eight weeks. Necropsy was done, and 
the pathologic diagnosis of coccidioidomycosis, with involvement of the lungs, lymph nodes, 
liver, spleen, adrenals, kidneys, skin, meninges, and brain established. 
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Case 4.—A 30-year-old soldier entered the Station Hospital, Hondo Field, Texas, 
September 3, 1943, complaining of pain in the lower portion of his back, coughing and 
occasional gastric upsets. He had been a resident of Tennessee, and had been stationed 
at Hondo Field for six months. Physical examination was entirely negative except for 
the presence of a daily febrile reaction to 102° F. Complete laboratory and roentgeno- 
logic studies were done—all of which were negative, with the exception of a secondary 
anemia. Later, there was a progressive rise in eosinophils up to 30 per cent. He was 
transferred to Brooke General Hospital, October 21, 1943, undiagnosed. Examination 


1a tender mass, about 5 cm. in diameter, in the region of the left sacro-iliac spine 


SNOW 





Fic. 6.—Case 4: A. Showing punctate mottling of each lung field. 
B and C. Showing bony involvement, with marked destruction of the vertebrae and ribs 


was fluctuant, but on aspiration very little pus could be obtained. Roentgenograms 


the spine were normal. In the chest there was a punctate mottling of each lung field 
(Fig. 6A). A second fluctuant mass developed over the sternum. Aspirated material 


from this, now revealed Coccidioides immitis. Coccioidin skin test, dilution 1:100 
and 1:1000 was negative. The patient's course was rapidly downhill, with daily 
temperature elevation of 103° F. A granulomatous skin lesion developed on the left 
side of the nose. Bony involvement, with marked destruction of the vertebrae and ribs 
is demonstrated late in the disease (Fig. 6B and 6C). The patient expired January 

1944. Duration of the disease was approximately four months. Autopsy was 
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performed and the diagnosis of coccidioidomycosis, with involvement of lungs, bone. 
peritoneum, meninges, skin and subcutaneous tissue, lymph nodes, kidneys, and adrenals 
was established. 


Our cases illustrate the clinical similarity of coccidioidal granuloma and 
certain common surgical conditions. It is probable that more of these cases 
will find their way to the surgical wards in various parts of the country. The 
diagnosis of coccidioidal granuloma is often surprisingly easy. The chief 
difficulty is overlooking the possibility of its occurrence on account of its 
rarity. This can be avoided by suspecting it in all cases suggesting tuberculosis 
in which the tubercle bacillus is not found. The coccidioidin test was of no 
value in our cases. This is probably due to the overwhelming infection 
The demonstration of the organism in tissue or pus is the final stage in the 
diagnosis. It may be surprisingly easy. 

Our experience in encountering these cases in the surgical wards is not 
unusual. This is attested by the fact that isolated instances of similar cases 
are depicted in the literature. 

Martin’? reports two cases studied, of which one simulated a_ spinal 
cord tumor and the other a cerebellar tumor. Craig and Dockerty!* found 
coccidioides in the wall of a cerebellar abscess. Foley, Low, Broders, 


and Heilman!? 


had a patient with coccidioidal osteomyelitis of the skull. 
Peers, Holman and Smith'’ and Winn'® have discussed the surgical aspects 
ot the pulmonary cavities. Ruddock and Hope’ have reported a case of 
diffuse peritonitis. The joint changes are discussed by Rosenberg, De ickerty, 
and Meyerding.'* McMaster and Gilfillan’? report 24 cases having bone 
aud joint involvement. Pipkin and Lehman?’ have diagnosed six cases of 
coccidioidomycosis with dermatologic lesions. In a personal communication 
to the authors, they reported excellent results with tartar emetic and roent- 
genotherapy. 

The prognosis of the disease is grave. It is influenced largely by the 
rate of progression of the disease. All of our cases were of the acute type. 
In cases progressing less rapidly the prognosis should be better. Numerous 
instances of arrest of the disease are recorded. In general, however, 50 
per cent of the cases of coccidioidal granuloma will die. 

In coccidioidal granuloma, surgical removal, if at all possible, is probably 
the procedure of choice. This will be feasible in those rare cases in whicl 
the chlamydospores were inoculated into the skin and a localized granuloma 
resulted. Caldwell?! reports such a case in which a child’s toe was amputated 
and a cure resulted. 

Various drugs, such as colloidal copper, tartar emetic, and 1odides, have 
been advocated. Results are equivocal. Likewise, sulfonamide drugs'® are 
of no value. Penicillin?*» 7° does not inhibit the growth of the mold in 
culture. and we have found it ineffective in the treatment of the disease 
lacobson2* has claimed good results from the intravenous administration of 
coccidioidin. Recently, immune transfusions have been used with beneficial 
results in some instances.'° 
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The pulmonary cavities are best treated conservatively. If hemoptysis is 
severe, pneumothorax has given good results. Peers, Holman, and Smith!* 
report a case in which lobectomy was performed because of fear of dissemina 
tion. However, in this case there was a_ post-lobectomy empyema and 
coccidioides was found in the discharge. In spite of this, there was no dis- 
semination. Other cavities in the same series were treated conservatively 
and with excellent results. 

Blades*® recently performed a lobectomy at Walter Reed General Hospital 
upon a patient with coccidioidomycosis in which a single large cavity was 
present in the left upper lobe. Hemoptysis had been present in this patient 
tor two years. Surgery was performed solely because of the hemoptysis, 


and an excellent result was obtained. 
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Blades, |} ».: Personal communicatiot1 


Discussion.—Dr. Howarp C. Narerzicer, San Francisco: The paper of Colonel 


Burch is particularly timely, for the profession will surely encounter the chronic forms 


disease 1n all parts of the country 
‘ute form is contracted most often in the San Joaquin Valley and the Sout! 

western States. The infection 1s acquired quickly by newcomers and in certain of ow 
cities, in the infected areas 75 per cent of the population show positive coccidioidin tests 
The annual reports of the Kern County Department of Public Health provide surprising 
figures. Only about one in five hundred of those who have the acute Valley Fever 
develop the chronic form, and these are the dark skinned—the Negroes, Mexicans and 
South European types. The acute cases usually recover without sequelae or compl: 
cations. In the later phases of the acute type about three per cent develop erythen 
nodosum and occasional erythema multiforme. Of those who develop the chroni 
granulomatous form the mortality is given at about 55-60 per cent, although it is our 
impression that it may well be higher. There is no specific therapy 

The organisms are recovered from the soil, and the prevalence in areas is 
cated by the incidence of the infection in the rodents. The kicking up of dust on 
fields is ideal for dissemination of the fungus. 

At the University of California and the San Francisco Hospitals, of 31 proved cases 
only three were of the acute form. Undoubtedly, we are slower to recognize the acut: 
form than the practitioners in the infected districts. On the other hand we have had 
29 of the chronic or granulomatous form. Seventy per cent of these were in men, whi 
conforms to the general experience and one-third of all have been in the third decad 
of life. Dark-skinned men between 20 and 30 years of age are typical sufferers 
Coccidioidal meningitis, in the absence of disseminated lesions, is apt to be missed 
Because of internal hydrocephalus we have mistaken it for a posterior fossa tumor and 
recognized it only at operation. Involvement of the nervous system and its envelopes 
have been noted by Evans, Rand, Ingham, Courville, Morris, Craig and Dockerty 

In the University of California Hospital the chronic form has constituted o 
per cent of the total admissions in the last ten years. 


Of the 29 chronic cases in both our hospitals the involvements have been: 


Lungs 10 


Skin and subcutaneous tissues ; 
Bone and joint 8 
Meninges { 


Generalized 





vole 3% COCCIDIOIDOMYCOSIS 
[his totals 37, but in several there was asymptomatic jung involvement in addition 
bone or skin changes. 

Any case of chronic disease from the San Joaquin Valley is suspect, and_ the 
similarity to tuberculosis in biologic and laboratory reactions and in the clinical mani 
festations is close. 

The coccidioidin skin test is a reliable index ot 
persists through life. The complement 


those who have, or have had, the 
disease, and it is probable that the sensitivity 
fixation test is evidence of the existence of the chronic or granulomatous affectior 


guinea-pig inoculations, direct recovery of the fungus fron 


[These with cultures, 

] ; hiol yi 99499 $4 - 5 | : +. k ‘ : =+] rae . Lilie 

lesions, a Mmgh sedimentation rate and a moderate leuko yvtosis with some eosinophilia 

and spinal fluid culture are the diagnostic aids Laboratory workers are prone t 
I , 


hecome infected. Of our 31 cases—29 of which were chronic—the recorded mortality was 


nt. Seven have disappeared, 12 are still alive. Two cures resulted where 


simple lesions of an extremity were treated by amputation. 
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EFFECTS OF BOVINE ANTERIOR HYPOPHYSEAL EXTRACT 
ON 
URINARY BLADDER TRANSPLANTS IN YOUNG DOGS* 
INCLUDING SOME OBSERVATIONS ON ITS EFFECTS ON 
ENDOCHONDRAL OSSIFICATION 


MartTIN SILBERBERG, M.D., Hersert R. AtHertToN, M.D., 
AND 
GLoveER H. Copuer, M.D. 


Sr. Louis, Mo. 


FROM THE DEPARTMENT OF SURGERY AND THE LAPORATORY OF RESE‘RCH PATHOLOGY, 
WASHINGTON UNIVERSITY, SCHOOL OF MEDICINE, SAINT LOUIS, MO. 


AUTOTRANSPLANTATION of urinary bladder mucosa into the abdominal 
fasciae of dogs and rodents causes bone formation in the connective tissue 
surrounding the transplant ;' furthermore, in growing mice and guinea-pigs, 
growth and aging of cartilage and bone can be intensified and accelerated by) 
the administration of anterior hypophyseal extract.2 Correspondingly, in 
immature guinea-pigs and in young rabbits, repair of fractured bones can 
likewise be promoted by injection of anterior pituitary extract * * and similarly, 
in urodele larvae,. administration of anterior hypophyseal hormone enhances 
the various phases of regeneration subsequent to amputation of the tails.* ‘ 

It seemed, therefore, of interest to investigate, whether in young dogs 
bone formation around transplanted bladder mucosa might be affected by 
the administration of anterior hypophyseal hormone. At the same time we 
intended to determine whether this hormone might influence skeletal growth 
and aging in young dogs, as it does in growing rodents. 


MATERIALS’ AND METHODS 

In ten young female dogs, urinary bladder mucosa was autotransplanted 
irito the abdominal fascia. For this purpose, two incisions, approximately 
five centimeters in length, were made on either side of the upper abdomen. 
The anterior sheath of the rectus muscle was exposed and freed from all 
fat tissue. The bleeding points were controlled and the wounds packed 
with sterile gauze moistened with saline solution. By a low midline incision, 
the urinary bladder was exposed. A portion of the bladder tissue including 
the mucosa was removed; the bladder and the suprapubic wound were closed 
in layers. The excised bladder tissue, about 2.5 cm. square, was stretched, the 
mucosal layer gently removed and divided into two equal sections. Under 
aseptic precautions, these parts of the mucosa were sutured with interrupted 
silk sutures to the rectus fascia. 

Five animals served as noninjected controls. The injected dogs were 
divided into two groups: In the one, the extract was given soon after the 
operation ; in the second, the treatment with the extract was delayed for two 
~-* Read by title before the American Surgical Association, May 3-4, 1944, Chicago, II! 
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weeks. Bovine anterior hypophyseal extract, freshly prepared according to 
the method of Loeb and Basset, was injected intraperitoneally. The daily 
dose varied from 20 to 30 cc. depending on the weight of the animal. The 
animals were sacrificed at intervals of 10, 12, 14, 28 and 42 days. 


GROSS OBSERVATIONS 

There was no consistent change in the weights of the injected animals. 
One injected dog died of pneumonia. At the autopsy of the remaining injected 
dogs, the cartilage of the knee joint revealed enlarged vessels and hypertrophy. 
This condition was not observed in the noninjected animals. Furthermore, 
whereas in the noninjected animals, the chondro-osseous junction of the ribs 
was even and smooth, in the injected dogs, it showed a bead-like swelling. 
These changes were slight after two weeks of injections, but they became 
more accentuated, if the injections were continued for four or six weeks. In 
the injected dogs, spleen, liver and kidney were found to be grossly un- 
changed, with the exception of one animal, whose spleen was twice the usual 
size. The endocrine organs did not show any changes with the exception of 
the thyroid glands which were enlarged in all cases. The grafts did not 
exhibit noticeable alterations. 

Tissue from the transplants, the chondro-osseous junction of the ribs, the 
thyroid glands, ovaries and pancreas, and in some instances liver and spleen 
were taken for histologic examination. The bones were fixed in Io per cent 
formalin, decalcified, embedded in celloidin and stained with hematoxylin-eosin. 
The other tissues were embedded in paraffin and likewise stained with hema- 
toxylin-eosin. 

HISTOLOGIC EXAMINATION 

Thyroids: In the noninjected dogs, the tissue was composed of small and 
medium-sized acini separated from each other by a thin layer of connective 
tissue. The acini were filled with hard homogeneous colloid, and lined by 
flat or cuboidal epithelium with narrow cytoplasm and dense nuclei. 

After 10 or 14 days of injections, the cells lining the acini had increased 
in size and become more numerous. The nuclei were larger and more lightly 
stained than ordinarily, and some of them showed mitotic division. The 
acini were more closely packed together than normally. In some areas, the 
colloid was softer than usual, and contained scattered phagocytes. The 
supporting connective tissue stroma was loose in texture and contained 


arger amounts of fluid than in controls. This condition had not greatly 
hanged after four weeks of injections. After six weeks of treatment, the 


acinar epithelium had become flatter and the colloid harder again; the thyroid 
iad thus returned to a resting state. 

In the other organs, there was no marked change. In the ovaries, atresia 
ind luteinization of the follicles were very much accentuated. 

Cartilage and Bone: In normal dogs, sections through the chondro-osseous 
junction of the ribs, revealed a sharp demarcation of the cartilaginous zone 
rom the osseous part. Most cartilage cells were resting and small. The 
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central portions of the costal cartilage exhibited some small foci of liquefac 
tion. These areas were, here and there, replaced by bone marrow. Towards 
the bony part of the ribs, the cartilage cells were larger and showed a 
regular columnar arrangement and in a single cartilage row, seven to ten 
columnar cells were counted. The layers of hypertrophic cartilage were 
narrow and consisted of one to three cells. Underneath the hypertrophic 
cartilage a transverse bony lamella began to form. All these findings indicated 
that the dogs used in these experiments were nearing the end of their 
growth period. The capillary loops corroding the hypertrophic cartilage 
cells were moderately filled with blood and only a few osteoblasts were found 
in close approximation to the cartilage. The bony spicules were thin and short. 
The bone marrow was cellular. The periosteal tissue was scarce, dense 
and fibrillar. 

After 10, 12 or 14 days of injections the layer of the hypertrophic car- 
tilage was enlarged. More cartilage cells than usual had become hypertrophic. 
[In the distal part there was no intensified proliferation of the cartilage but 
in the center it had undergone increased disintegration. In the subchondral 
zone, the capillaries showed a pronounced congestion ; connective tissue cells 
proliferated markedly by way of mitosis and formed epithelioid cells that 
were packed closely together and filled the intertrabecular spaces of the 
metaphysis. Many of the proliferating cells formed new bony substance, 
aud accordingly the spicules were more numerous and thicker than in the 
noninjected animals. 

Farther distally, some of these proliferating connective tissue cells had 
coalesced and formed multinucleated osteoclastic giant cells. The periosteal 
connective tissue was likewise increased in amount. Both the periosteal 
production and resorption of bone were intensified. In the vascular canals 
the perforating vessels were congested. 

After four or six weeks of injections, both the hypertrophic and regressivé 
changes of the cartilage were still more accentuated ; however, even at these 
later stages, a resumption of growth of the cartilage was not noted. In the 
subchondral zone, the amount of thickened trabecular bone was still greatly 
increased, but resorption of osseous substance became more prominent. Along 
the periosteal and to a lesser extent, the endosteal surface of the shaft, in- 
creased amounts of connective tissue containing numerous osteoclastic giant 
cells were observed. However, these changes remained restricted to the 
area adjoining the junction with the cartilage and did not involve the region 
around the bone marrow. 


TRANSPLANTS OF BLADDER EPITHELIUM 
The transplanted bladder epithelium grew out, forming thereby a cyst. 
Two weeks subsequent to grafting the cells of the transplant were enlarged, 
whereas the newly grown epithelium, lining the cyst, formed a single layer 
of rather flat or cuboidal cells. The adjacent connective tissue was increased 
in amount. In one of four cases, small epithelioid cells had accumulated 1n 
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Fic. 3.—Section through autotransplanted urinary bladder epithelium after 
six weeks transplantation (control). 

Bone formation around the transplant. 

Fic. 4.—Section through autotransplanted urinary bladder epithelium four 
weeks following transplantatior. The animal had received 28 injections of 20 cc. i 
anterior hypophyseal extract daily for four weeks following trans) lantation. 

varger amounts of denser and more mature bone than in Figure 3. Epi- 
thelium hypertrophic. 
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i collagenous and slightly calcified connective tissue, and had assumed a 
bead-like arrangement along the surface of the collagenous material. In the 
remaining three cases, collagenous connective tissue had been formed, but 
epithelioid cells were lacking. 

Four or six weeks subsequent to transplantation, the bladder epitheliun 
had undergone marked hypertrophy, but at the same time regressive changes 
leading to vacuolation were also pronounced. In all cases, the connective 
tissue adjoining the cyst had been converted into cancellous bone containing 
hone marrow and multinucleated osteoclastic giant cells. 

In the dogs, injected with anterior hypophyseal extract for 10, 12 or 14 
days, the bladder epithelium showed pronounced hypertrophy, as well as 
vacuolation and liquefaction. Thus, the degree of regressive changes see 
at this time was comparable to that noted in noninjected animals four or 
six weeks following transplantation. The fibrillar connective tissue network. 
was distended by fluid; the fibroblasts were markedly enlarged and more 
numerous than in the noninjected dogs at the corresponding stage. Farther 
away from the cyst, and in the periphery of the loosened connective tissue, 
large amounts of dense collagenous connective tissue were found exhibiting 
deposits of calcium. Here, numerous osteoblasts and preosteocytes had 
deposited osseous substance. True bone was present in three of four cases 
injected for 10 to 14 days, whereas, in the fourth case, the bone formatio1 
was only suggested, being as yet in an early stage. Thus, as compared wit! 
conditions in noninjected dogs, bone formation was accelerated and farthe: 
advanced subsequent to the administration of the hypophyseal hormone. 

Aiter four or six weeks of hormonal treatment, the regression of the 
epithelium had made more progress and had spread into further areas. 
The connective tissue which adjoined the bladder epithelium and was 
loosened at the earlier stages, had become dense, collagenous and more 
fibrillar. Calcification in close approximation to the cyst was greatly 
increased; in addition larger amounts of cartilage were present. Consider- 
able amounts of mature cancellous bone had been formed and encroached 
upon the epithelium of the cyst, while resorption of bone by osteoclasts wa- 
accentuated. The condition, thus, was comparable to that seen in non 
injected dogs aiter three and more months subsequent to transplantation. 

ComMENT: In young dogs, administration of bovine anterior hypophyseal 
hormone causes hyperplasia and hypertrophy of the thyroid gland, similar in 
kind, but less in degree than that observed by Loeb,‘ and his coworkers, in 
vrowing rodents. 

In the costal cartilage, the cells showed some hypertrophy; regressive 
changes were intensified, but no stimulation of proliferative process in the 
cartilage occurred. Endochondral, as well as, peritrabecular and _ periosteal 
hone formation was increased during the earlier stages. Subsequently, how- 
ever, the increased ossification was followed by intensified vascular and 


cellular resorption. 


Under the influence of anterior hypophyseal extract, the transplanted 
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bladder epithelium underwent swelling associated with, or followed by, ac- 
celerated and intensified regressive processes. The connective tissue adjoin- 
ing the transplant took up large amounts of fluid. The collagenous connective 
tissue, subsequently formed, was denser and contained more calcium salts 
than in the noninjected animals. In the injected animals, the development of 
both cartilage and bone was markedly accelerated and intensified. Bony 
spicules were present as early as 12 or 14 days following transplantation, 
whereas, in noninjected dogs, as a rule, only a preosseous substance was 
present in the neighborhood of the cvst during the first 14 or 16 days after 
transplantation, and bony tissue was observed 19 days after transplantation 
(Copher and Key,” and Huggins”), at the earliest. 

The unusually early appearance of preosseous substance 14 days after 
transplantation in one of our noninjected dogs, might be attributed to the 
fact that this animal was younger than the others. As reported previously, 
the hormonal effect on bone and cartilage is more marked in younger than 
in older animals. 

In the injected dogs, the maximum of ossification was reached after 
four weeks of treatment with the hormone, whereas, in the noninjected dogs, 
the peak of bone formation was observable two months following transplan 
tation. However, the amount of bone formed and the state of maturity of 
the osseous substance were similar in injected and noninjected animals at 
later stages of the experiments. This is probably due to the fact that in the 
animals receiving the anterior hypophyseal hormone not only the formation, 
but also the resorption of bone were intensified. 

A satisfactory explanation of the formation of bone in the fascial con- 
nective tissue adjoining the transplants of urinary and also of gallbladder 
epithelium has as yet not been given. Apparently, this heterotopic ossi- 
fication occurs only, if a variety of conditions are met in the transplant as 
well as in the host tissue. Active growth and subsequent regression of the 
transplanted epithelium seem to be prerequisites. Development of larger 
amounts of dense connective, tissue, precipitation of calcium salts and in 
sufficient nutrition of tissues are known to favor bone formation.'? The 
peculiar ability of the epithelium of the urinary tract to become the site 
of heterotopic ossification is also exemplified by the appearance of bone 
in the renal pelvis after ligation of the vascular pedicle. It is conceivable 
that a state of malnutrition in the transplanted tissue might lead to a 
disturbed metabolism of the growing mucosa which would be conducive to 
regression and to ossification of the surrounding tissue. Possibly, the high 
phosphatase content of the urinary tract epithelium may also be a factor 
in the heterotopic bone formation. But, the role of this enzyme can only 
be of secondary significance, since transplanted epithelium of the small 
intestine which is also rich in phosphatase does. not lead to ossification in 
the connective tissue. Whatever the mechanism underlying bone formation 
mav be, its course is accelerated and intensified under the influence of anterior 
hypophyseal extract. We, thus, have to deal with another instance in which 
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anterior hypophyseal hormone accelerates the course of a developmental 


pre CESS. 


Previous observations have demonstrated the acceleration of regeneration 


and of bone repair in growing 


guinea-pigs and rabbits treated with anterior hypophyseal extract.” # 


The rate with which these processes take place in the noninjected animals, 


may be represented by a curve, which has been termed the time-curve by 
Leo Loeb and all processes of growth, development and aging of various 
organs and tissues have their peculiar time-curve, which is genetically deter- 
nuned.'! The latter, however, according to Loeb, can be accelerated and 


intensified, or delayed, and weakened by various hormones. The acceleration 


if anterior hypophyseal hormone 


in the connective tissue adjoining the urinary bladder transplants may thus 
be considered as an acceleration of the time-curve of this process as compared 


with its course in noninjected animals. 


SUMMARY 


\dministration of anterior hypophyseal extract accelerates the formation of 


cancellous bone occurring in the abdominal tascia around urinary bladder 
transplants of young dogs. This effect represents another instance of an 
acceleration of a tissue time curve by anterior hypophyseal hormone. The 
cartilage at the chondro-osseous junction of the ribs undergoes increased 
hypertrophy and regression under the influence of anterior hypophyseal 
hormone, but its proliferation could not be stimulated in the young adult 


animals. The production, as well as the resorption, of bone could be 


‘he skeletal etfects of anterior 


hypophyseal hormone in the dog are, therefore, similar to those exerted 


by this hormone in mice and guinea-pigs. 
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